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No PciPTico is more epnmilly interesting ihnn that nhirii 
explains the common phenomena of life. We see that salt 
^and snow are both white, a rose red, leaves green, and the 
violet a deep purple ; hot how few persons ever ask the reason 
why! Wc know that a flute produces a musical sound, anil a 
cracked boll a discordant one — ^that fire is hot, ice cold, and a 
candle luniinous—that water boils when subjected to heat, and 
tieezes from cold; but when a child looks up into our face 
and asks us **wliyr'* -how many times is it silenced with a 
frown, or called vciyr foolish for asking such silly questions! ” 
'J'he object of the present book is to explain above 2000 of 
these questions (which arc often more easily asked t^n 
answered) in language bo biinplo that a child may understand 
it, yet not so foolish os to ufluud tiiu sciuutiiic. In order to 
secure the Strictest accuracy in the answers, the most approved 
modern authora have been consulted, and each addition has 
been submitted to the revlMon of gcntleinen of acknowledged 
reputation for scientific attainments. Sincere thanks arc due Lc 
the RevjtA. Bath Poweu, m.a., f.c.8., of Norwich, and to 
ItOBEHT James Mann, m.d., for their very careful revision 
of tbf fdxtfa, as well as for mu^ useful inloroiatiun in some 
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of former ediiioiu;* the almost imporalloled snccera of 
thia little Tolume, of which 300000 copies have been printed 
since the year 1848, is an incontrovertible proof of *itl accept* 
ability. The Author has spared neither labour nor expense 
to render his “ (rutWe to the Seientiflc Knowledge of Thinge 
Familiar^** instructive and amusing to-tbe young, as well as to 
those of maturor life. 


To teachoi-s ot schools it may be advisable ^ state, that, as 
every question has been again and again suhioiitted to a most 
rigid investigation, no alteration of the text will be made in 
future editions ; although such os may be needful, to render the 
oook most generally useful, shaU be given by annotations from 
time to time, as subsequent reprints may be demanded. 




• Bfr. Simeon Simons, of Cromer, Aiminbed some nselhl hlats 
for the second edition : and C. Lioyd, Emj., of Oswestry, Salop, a 
Judicious revision of the Afth edition. 


A remsAiable bistmice came before the Author some time sinee 
of the statement made in the early pari of this preface^ 'J'he con* 
versation was about smoke— why it was black and not white, like 
the line dust of lime. A little child who was present, asked 
** Why is the kettle so black with smoke 1" Her papa onswered 
** Because it has been on the ftte;** “But,** (urged the child) 
“what is the good of its being blackl'* The gentleman replied, 
“Silly child— you ask very foolish questions— sit down ^d hold 
your tongue.** He might have read pp. 20C, 207, 208, and answered 
the child more discreetly. 
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HEAT. 


INTRODUCTION. 


Q. What is HSAT ? 

A. That which produces the sensiv* 
tion of warmth. 

Q. How is this imsation produced f 

A. Simply by an exchange of tem- 
perature with some substance warmer 
than ohrsehes. 

Q. What is the '‘streavi of heat” from the 
warmer to the colder tahetanee called f 

A.* CaIiO'rio. Caloric, therefore, is 
the agent, whidh produces the sensation 
0/ wanUh. 
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UXAT. 


( 

Q. What M iha prine^al Boibtoi of heat f 
A. The Sun. > • 

Q. What other socbozs qf heat are there t 
A. Electricity — Chemical Action — 
ana Mechanical Action. 

Q. What ore ihe principal eb fjsots of heat f 

A. Expansion, Liquefaction, Vapo- 
rization, and Ignition. 


CHAPTER 1. 

Q. What it the great natural aovBCE qf 
heat? 

A. The Sun. 

Q. Whg do bubbibo eTa.ssss tet fire to 
tubttaneet eubmitted to their power ? 

A. Because, when the rays of the 
sun pass through the burning glass, they 
are bent towards one point, called the 
“focus;” in consequence of whic^j, the 
light and heat at this point are veiy 
greatly increased. 



SliBCTBlOm. 


8 


Q. j6o tie rojft ef ihe eem eve* set Jtre to 
natural eubetaneet, mxaai^ ike aenetanee qf a 
burning glate T 

A. No: the rays of the «un, even 
in the torrid zone, are never hot /enough 
to kindle natural substances, unless con> 
centrated by a bunmg alass. 


CHAPTER IL 


Q. Name a bscokd soirnox efbeaS, 

A. Electricity. 

Q. How w SLBCXBicnra moet eommonlg 
eeen in natubx ? 

A. As lightning, 

Q. » What ie LiOHTirnroP 

A. TAghtamg is accumidatedeleetricity 
discharged from the clouds. 

Ql How mang iiffhrent kinde qf Ughtnuy 
are there f ' 

A. As there are two kinds of elec> 

bs . 
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tncity, so there are tm kinds of light* 
ning also. « 

Q. What are the tm kinds of elecibicitt 
•sailed f 

A. The ^tiwus and Hesinous; — 
sometimes tlie P^itive and Ne^tive. 

Q. T^hat causes the discharge of an elbo* 
TBIC CLOL'l) p 

A. One kind of electricity rushing 
from a cloud, to unite itself with tlie 
otlier kind, either in anotlier cloud, or 
iu the earth. 

Q. What takes place when the tm kinds of 
declricity meet P 

A. They neutralize each other. 

Q. What is a tui<nser>btokm P 

A. The disturbance caused in the 
air, when successive discharges oP accu- 
oniliited electricity take place. 

Q. What are the sources of the eleetrietty 
which aeetmulales in the clouds t 

A. 1st — Evaporation from the earth a 

Bttiface ; 
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Sndly — i'he chemical changes whicit 
take ^lace in the earth’s surface, and in 
the air; and 

3rdly — Probably friction between cur- 
rents of lur of unequal temperature, 
passing by each other. 

Q. How uiGE are the uawnsiva olovjdb 
fivm the earth t 

A. Sometimes they are elevated 4 or 
5 miles; and sometimes actually tmch 
the earth with one of their edges : But 
they are rarely discharged in a thunder 
storm, when more than 700 yards above 
the surface of the earth. 

Q. ITow do such objectt 09 treeo^ Heeplea^ 
onimaUy Ifc,^ help the discnarge qf electric cloude ? 

A. They reduce the distance between 
the electric cloud and the earth. 

Q. * Why ie lightning sometknee rOBfeBD 7 

A. Because the flash is divided by 
certain terrestrial objects which it ap- 
proi^es. 

Q> Why it ^ Jlaeh eometimee cto-ZAe? 

A.. Because lightning condenses the 

* » H • 
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ELECTRICITY. 


air in the immediate advance of its path, 
and flies from side to side, in oTder to 
pass where there is the least resistance. 

Q. Whenuthejlash vtHKiavLti 

A. When the distance through which 
the flash has to pass is small, so that the 
air in advance of its path is not sufficiently 
condensed, to cause it to fly from side to 
side. 

Q. Whai it SHEET LIOnTNINO f 

A. The light of a flash reflected in the 
clouds, when the flash itself is concealed 
from view. 

Q. W%at OTHEB form dost lightning oeea- 
tionally atiume T 

A. It sometimes assumes the globular 
form, and sometimes what is called the 
brush form. 

Thii hrmh dlMbim irhttto etUed ''Castor aad Folios,** or 
"Elmoo-ire.** Dr. ra«daf mjb, it is a dlacharire between the air 
and some eondnotor, 

^Xl^ oaaaeof^loftiiierlightBlngiBnotknown. ^ 

Q. doe9 lighiningfroince a JUuih 

it paut^ through aj& ? 
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A. Because tlie air, being a non- 
conductor, cannot convey it in an invisible 
(brm. 

Q. Doet lightning heeer prodnee a jlath 
when it pastes through a oomsuctob? . 

A. No: electricity passes through all 
tonductors in a quiet and invisible form. 

Q. Why does lcoutkiko sometimes kill 
men and beasts ? 

A. Because (when tlie electric current 
passes through a man or beast) it pro* 
duces so violent an action upon the nerves, 
as to destroy life. 

Q. WiLB^r is a person struck dead hg 
lightning? 

A. Only when his body forms a part 
of the lightning's path; i.e., when the 
electric fluid, (in its M'ay to the earth) 
actually passes through his body. 

Q. Whg are animals sometimes hitbt bg 
lightning, am not hilled t 

Pi. Because the amount of electric 
fluid which pajsses through tliek bodies, 
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is enough to injure themj but not to 
destroy life. 

Q. What it THtnrszB P 

A. The noise made by the concussion 
of the air when it closes again, after it 
has been parted by the lightning flash. 

A ]Mirt of the ndM li owiAfr to certain phuaieot and ehemieat 
akangea produced in the eir by the electric fluio. 

Q. Wijf it THCKSBB tomefimet un ta«t 
CBASH ? * 

A. Betfause the ligbtning>doufl is 
near the earth, so that all the vibrations 
of the sir (on which sound depends) 
reach the ear at the same moment, and 
seem like one vast sound. ' 

Q. Why it the PEBii temetimet an iBBBetT* 
nA.B broken boab ? • 

A. Because the lightning-cloud is a 
long way off; and as som of the yibra« 
tions of the air have further to trav^ than 
others, they reach the ear at different 
times, and produce a eo^^uous sound. ‘ 
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Q. Whiet vibration* will he sookebt heard f 

A. •lliose produced in the lowest por- 
lious of the air. 

Q. Why trill those vibration* he heard fibst, 

which are made last ? 

A. Because the flash is almost in~ 
stanianeous ; but the sound takes a 
^•liole second of time to travel 380 yai'ds. 

Q. a thunder-cloud were 1900 yard* off, 
how tony would the peal last I 

A.’ Five seconds : we should first hear 
the vibrations produced in those portions 
of the air contigmus to the earth; then 
those more remote : and it would be five 
secemds before those vibrations reached 
us, which were made in the immediate 
vicinity of the. cloud. 

S80 X S • 1900. 

, TbiB iUnsvatlon BuppoBW the Ughtninir to floBh direetty tram the 
cloud to the lietencr. 

Q. Why i* THOirvBX sometime* like a deep 
eBuWT. P 
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THUNDBA. 


A. Because the storm iS far distant 
and the sound of the thunder is indistinct 

Q. Haul it tie sound of thunder effected Ij 
LOCAL eireumttaneee f 

A. The flatter the country, the more 
^unbroken the peal. Mountains serve to 
break the peal, and make it harsh and 
irregulaT. 

Q. What it the cause of BOLLTUe THUunta? 

A. The echoes of the peal rever- 
berating amongst masses of cloud and 
terrestrial objects. 

Q. Why it a flash of lightning genercAly 
Jbllowed hy poubiko baib ? 

A. Because it produces a change in 
the physical condition of the air, rendering 
it unable to hold so much water in 
solution as it could before ; in» conse- 
quence of which, a part is given off in 
heavy rain. 

Q. Wh^ it a flash of lightning generally 
fldlotaed hy a oust gf msD ? 

A. Because the physical condition oj 



THUMDEB-SOLTS. 


11 


the air is ^tiirbed by the passage of the 
\ightmAg, and wind is the result of this 
disturbance. 

Q. W^jfitiherenothtmdertotohatuettlleJ 
avHiUB LiauTNUfre P 

A. Because the h'ghtning-clonds are 
go far distant, that the sound of the' 
4huuder is hst, before it reaches the ear. 

Q. Do tuumdi!;b-boi.tb over drop ffom the 
eloudnf 

A. No : the notion of thunder-bolts 
arises from tlie ghbtdar form which 
lightning sometimes assumes. 

. Q. W^hy it thunder often teveral momentt 
AF rJSB the^ ri.Asu ? 

A. Because it has a long way to come. 
Lightning travels nearly a million times 
fiister jthan thunder; if, therefore, th^ 
thunder has a long way to come, it will 
not reach the earth till a considerable 
time after the flash. 

Q. • Why can toe teU the distavcb of a thun- 
der cloud, by obeeroiny the interval which clapeet 
^tsttoeen thejlath and the peal f 
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A. Because the flash is Instanlaneom; 
but thunder 'will take a whole sAond oj 
time to travel 380 yards ; hence, if the 
flash be five seconds before the thunder, 
the doud is 1900 yards off. 

The tpeed of tightninir U m greet* that it would fro 480 tlmee 
found the earth in one minute; whereas thunder would gc* scarcely 
IS miles in the same space of time. 

Q. Wkat FLACIS are moet dangeroue during 
a STORM i 

A. It is very dangerous to be near a 
tree, or lofty building; a river, or any 
running water. 

Q. i? it DAROEROtrs to be near a tree 

or l^g building, during a thunder-etorm f 

A. Because a tall object (like a tree 
or spire) will fre([uently disciiarge a 
lightning-cloud ; and if any one were 
standing near, the lightning might 
diverge from tlje tree, and pass through 
the fluids of his body. 

Q. IFow can a tree or bpiiie disciiarob « 
iigktnifg~eloud P 

A. A lightning-cloud (lloatiug over 
a plain) may be tog far vff to be dis- 
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charged by^it; but as a tree or spire 
would Shorten this distance, it might no 
longer be too far off to be discliai'ged. 

For ezomplo— if a lightnifijK-oloud wpre 700 yards above a con- 
ductor, it would be too far offXobt^ diachurged but a tree or spire 
AO yards high, would make the cloud only 650 varda off a conductor ; 
In oonaequenoe of which, the cloud ^ght be mstantly discharged, 

Q. Why would lightning Jig Jroni a tree or 
Jfire^ into a HAif etanaing near ? 

A. Because the electric fluid always 
chooses for its path the hest conductors : 
and, if the human fluids proved the 
better conductor, it would pass through a 
man standing near the tree, rather tltaii 
down the tree itself. 

There would be no danger If the treeor spire were made ofmetai 
becauHC metal is a better conductor thou tlic human fluida. 

Q. Does lightning go through the inside, or 
down the outside of a tree f 

A. ^t runs down a tree between the 
bark and the wood, where the sap is most 
abundant. 

Q. %Why doe* ligTitning take ite eoJr*e be- 
tween the hark and wood ojla tree / 

A. Because it makes choice of die 
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best conductors ; and this of a tree 
is best suited for a conductor. * • 

Q. Why doet lightning pau through the 
iiraiuB qf a tnan t 

A. Because the fluids of the humai| 
body make a better conductor th;an the 
skin ; therefore, lightning passes through 
a man, and not down his skin. 

Q. Why it it danoebovs to be near water 
during a thunder-ttorm ! 

A. Because water is a good con- 
ductor; and lightning always takes in 
its course the best conductors. 

Q. Why it it dangerou* for a man to be 
NBAB WATEu, in a thunder-storm t 

A. Because the height of a man may 
be sufficient to discharge a cloud: and 
(if there were no taller object n^h) the 
lightning might make the man its con- 
ductor to the water. 

See the first note on Ifi ^ 

Q. is it dangerous to remain in a 

CHUBCH-BTSEPLJB, duirvoq a thunder-storm t 
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A. B^cabse the church steeple % a 
tail olgeot,^ and composed of imperfect 
conductors. 

Q. Are iron houteg iangerow during a 
rtormf 

A. No. Because the metal walls 
will convej the electric fluid harmlessly 
to the ground. 

• Q. What PAitTS of a building should he 
avoided during a thunder-storm ? 

A. Those connected with the roof by 
a continuous line of conducting sub- 
stances, but which have no outlet of 
conductors downwards. 

Snoh u the ifoM with Its column of eueendiug nnoke, 

Q. Whg has the stove no outlet of condwtor^ 

doumwards ? 

A. Because it stands upon stone, 
and is embedded in bricks ; both of 
which tu*e non-conducting substances. 

Q. Would lightning leave the stove and 
strike a person standing near it f 

It might, if by this means a more 
direct passage were ofiered to some 
conducting substances. 
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(j. When doet lightning fftoVaoH thb 
BABTH to the OIiOtTDB ? t • 

A. One kind of electricity always 
passes upwards to the clouds, whenever 
the other kind passes downwards to the 
earth. 

Q. Which kind of electrieitg pastes DOWN- 
\fA.iiDS,Jrom the clouds to the earth T 

A. Generally the vitreous, butocca-. 
sionally the resinous. 

Q. Which kind of electrieitg passes TTB- 
the earth to the clouds? 

A. Generally the resinous, but occa- 
sionally the vitreous. 

Q. W'hg is vitiibovb electricity so called? 

A. Because it was lirst procured by 
rubbing glass. 

Vitreom is a Latin word, meaninir "of the nature or property ol 

Q. Why is besikovs electricity so called T 

A. Because it was first procured by 
rubbing resinous substances. 

Q. Are there any other names by which the 
eitreous and resinous electricities a/re also known f 

A. 'ITiey are sometimes called, posi- 
tive and negative electricities. 

Be wned lir Dr. PtuiUin md U« dtaaiplM. 
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Q. iPh^* were the terme “poeitive" and 
“n^atii^e" implied to expreu eonditione tf 
eleetrieiti/ f 

A. Because the early electricians 
conceived that there were not two kinds, 
but only two states of electricity ; the 
one marked by a superabundance, and 
the other by a deiiciency, of one and 
*the same fluid. 

Q. TPhy is it dangerous to lean against a 
WALL during a thunder-storm / 

A. Because the electi'ic fluid will 
sometimes run down a wall; and would 
leave the wall to run down the man, 
because he is a better conductor. 

Q. Whg is it dangerous to BING a BBLL 
d/uring a thunder-storm f 

A. Because bell-wire is an excellent 
.conductor ; and the electric fluid, passing 
down J,hQ wire, might run through ojir 
hand and injure us. 

Q. Whg would the ligHning run through a 
man touching a hell-handle ? 

A.. Because the human body is a 
better conductor than the waXL (between 
the beU-handle and the floor); and as 
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lightning always chooses ttte test con- 
ductor for its path, it would this case) 
pass tlirough the man, and injure him. 

Q. Why is it danyerous bah a shutteb 
during a thunder-storm / 

A . Because the iron shutter-btu* is an 
excellent conductor; and the electinc fluid 
might run from the bar through the person 
touching it, and injure him. 

Q Why is it d-anqerous to he in a crowd 
during a thunder-storm ? 

A. For two reasons: 1st — Because 
a mass of people forms a larger, and a 
better conductor, than an individual: 
tuid 

Sndly — Because the vapour arising 
from a crowd increases the conducting 
power of the air above. 

Q. W7ty it a mars of bodies a heater eon- 
duetor than a single body f 

A. As each Imng body is a conductor 
of electricity, a connected mass of people 
would afford a readier passage /or a 
larger quantity of electricity, than a single 
/ndividual 
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Q. danger increased by the tafovb 

which nises Jwom a crowd f 

A. Because vapour is a conductor, 
and would lead the electiicity down 
towai'ds the crowd. 

Q. W’hy is a theatre dangerous during a 
thunder-storm ? 

A. Because the crowd, and ffreat 
vapour arising from so many living 
bodies, render it an excellent conductor 
of lightning. 

Q. Why is a riiOCK of sheep in greater 
danger than a smaller number t 

A. 1st — Because eacfe sheep is a 
conductor of lightning, and the conduct- 
ing power of the flock is increased by its 
numbers : and 

i^iidly — The vapour arising from a 
ilock pf sheep increases the conduoting 
power of the air above. 

Q. Why is a herd of cattle in danger during 

a Sturm t 

A.* 1st — Because the number of living 
bodies infereases the conducting power of 
their animal fluids : and 
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Sndly — ^The vapour arisinfefrom aherd 
increases its conducting poiror. • 
t Q. o penon be Aroad in a thvmder- 
etorm, what place it the eafeet t 

A. Any place about 20 or 80 feet 
from some tall tree or building ; if it be 
not near to running water. 

Q. Why would it he tafe to stand 20 or 80 
fbetfrom tome tall tree, in a thunder-storm t 

A. Because the lightning would 
always choose the tall tree as a con* 
ductor ; and we should not be sufficiently 
near the tree, for the lightning to diverge 
from it to u$. 

Q. a person he in a OAititiASE in a 

thunder-storm, in what way can he travel most 
SATELT ? 

A. He should not lean agaimt the 
carriage ; but sit upright without touch- 
ing any of the four sides. 

Q. Why should not a person lean^QATSST 
the earriaye in a storm T 

A. Because the electric fluid might 
run down tlie sides of the carriage ; and 
(if a person were leaning againsUthem) 
would malce choice of him for a conductor, 
and perhaps destroy life. 
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Q. Tl^y it the hidsli of a room more t(ffo 
than an^ i^hef part qfit,ina thunder-etorm t 

A. Beeause the lightning (if it struck 
the room at all) would come down the 
chimney or walls of the room; and 
therefore, the fm'tlier distant from these 
die better. 

Q. Why it a mattress, bed, or heabtu* 
RDO a teeurity, to a certain extent, against injury 
from lightning f 

A. Because they are all non-con- 
ductors ; and, as lightning always makes 
choice of the best conductors, it would not 
choose for its path such things as these. 

Q. 1» an luos bedstead dangerous in a 
storm / 

A. No ; for it is so good a conductor 
that the electricity would pass down it in 
preference to the animal fluids. 

Q. Is a man in metal abmoub in danger 
from lightning f 

A. No ; for the armour is so good a 
condu^^tor that the electricity would pass 
along it in preference to the fluids of 
the human body. 
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- Why do PIECES OF UETAli, t&eh at keyt, 
teaiehot, rmyt and hrooehet, eariS^ d^put tht 
perton, ineriate the danyerfrom liyhtniny f 

A. Because they offer strong induce- 
ment to the electricity to take them in its 
path, but do not extend far enough to 
conduct it to the earth. 

Q. It it better to be teei or dry during a 
etormf 

A. To be wet: if a person be m any 
open field, the best thing he can do, is 
to stand about 20 feet from some tree, 
and get completely drenched to the skin. 

Q. Why it it better to be wet than dry in 
a storm f 

A. Because wet clothes will conduct 
the discharge harmlessly over the surface 
of the body. 

Dr. Franklin fonnd that he could not destroy a icet rat by elec- 
tricity artillcially acoumulatecl, although he could a dry one. 

Q. What should a feabfitl person do, in 
order to be most becvbb in a storm T 

A. Draw his bedstead into the middle 
of his room, commit himself to the care 
of God, and go to bed; remeaiftiering 
that our Lord has said, ** The very hairs 
of your head mre all numbered." 
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K. B. Bo greot dAiger needs really to bo ivprdwndod from light- 
ning, If yon evoidftaking your posUion noar tall traea, qdre^ or 
other elerited objicta. 

Q. What it a LiauiiriirchOOVDVOTOB F 

A. A metal rod fixed in the earth, 
running up the ^hole height of a build* 
ing, and rising in a point above it. 

The point of a conductor should rise well into the air, and be 
made triangular, like a bayonet. 

Q. What metal it the beet fir thit purpote T 

A. Copper. 

Q. Why it OOFPEB better than iron f 

A. 1st — ^Because it is a better con- 
ductor than iron, and therefore not so 
easily fused by lightning : and 

2ndly — It is not so much injured by 
weather. 

N. B. Electricity does not produce heat when it paBses through a 
good conductor ; neat only appears when the free passage of the 
electric matter is obstructed. 

The following numbers express the relative value of several kinds 
of metal, in conducting electricity : » 

Lead L^ron 2|.— Zinc 4.— €k>pper 12. Copper is, therefore, e 
times better as a conductor of lightning than iron. 

Q. What U the use of a lightning-conductor f 

A. It furnishes a patn lor tne passage 
of li^tning, which will run down a metal 
rod ^^er fhan the walls of a building, 
because metal is a better cunductur. 
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Q. How WAA doet the hene/usiai it^uenee 

tf a lightning-eouduetor extend f * « 

A. This has not been accurately 
determined ; but one conductor Miill 
sufficiently protect a building of ordinary 
extent. 

Q. Why are not lightndng-eonduetore mope 
generally tuM t 

A. Because many accidents have 
arisen from conductors of defective 
construction. 

Q. How can lightning-conductore be pro- 
ductive (jf BABU ? 

A. If the rod be hrolcen by weather 
or accident, the electric fluid (being 
obstructed in its path) may damage tlie 
building. 

Q. If the rod be unbroken, it any evil to he 
apprehended from it ? 

A. Not if the rod be thick eiibugh to 
conduct the whoU current to the earth : 
But if too small for this purpose, the 
lightning will fuse tlie metal, and,injure 
the building. 

If eopper be emploved, the diameter of the rod thould be half ar 
^noh. An iron rod a^uld be aomc wuut thiuker. 
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. Q. Him'doet liohthiss totMHme $ kkock 
oowir hnuaiand ehunhetf 

A. The steeple, or chimney is first 
struck; the ^ghthing then darts to the 
iron bars and cramps, employed in tlie 
building; and (as it darts firom bar to 
bar) shatters ^e bricks and stones, 
which oppose its progress. 

Q. Tell me 7iow 8 l Bride's Church {Londm) 
was nearly destroyed hy lightning^ about 100 years 
ttgo, 

A. The lightning first struck the 
metal vane of the steeple, and ran down 
the rod ; it then darted to the iron 
cramps, employed to support the build* 
ing ; and (as it flew from bar to bar; 
smashed the stones whicli lay between. 

Q. Why did the lightning fly about from 
place to place, and not pass dawn in a straight 
course t • 

A. ^Because it always takes in its 
course the hcsl conductors; and will fly 
both right and left, in order to reach them. 

Q., Why doe* j.TOB'rBiNO tvm milk sovb? 

A. Because it p>’uduces a disturbance 
in the electrical condition of milk which 
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causes the complex organic ’'body to de- 
compose, and consequently turn sour. 

Q. Jt HisBio AOio ever formed in the nir 
by lightning ? 

A. Yes. The chemist, Liebig, found 
nitric acid in 17 specimens of rain-water, 
eoUected immediately after thunder-storm : 
although in 68 specimens, collected at 
other times, no traces could be found. 

Q. What ie nitric add f 

A. The gases, nitrogen and oxygen, 
chemically united together, in the pro- 
portions of one part of the former to 
live parts of the latter. (N 0*) 

Q. Where do the oxygen and nitrogen come 
from, that are formed into nitric acid by lightning f 

A. The air itself is composed of 
oxygen and nitrogen mechanical^ min- 
gled together. The passing lightning 
has the power of maHng a portion of 
'^se combine chemically. ^ 

Q. What is the d^(^enee between chemical 
union and mechanical admixtnref 
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A. efchmical union, the properties 
of tho mingled bodies axe altered. In a 
mechanical admixture, they are not. 

Diflbrent oolonred sands shaken together In a bottle mU mechan* 
ically. Water poured on quiok-lime unites srlth it ohemioally. 

Q. Why doet UGHTiriKe turn bebb soim, 
although eonUdned in a close cash? 

A. Because, if beer be nm and 
the process of fermentation incomplete, 
lightning so accelerates the process, as 
to turn the sugar into acetic acid before 
it has passed tlirough the intermediate 
state of alcohol. 

Q. Why is not old beeb anJ btbono 
VOBTEB made socb hy lightning t 

A. Because the fermentation is more 
complete ; and, therefore, is less affected 
by electrical influence. 

Q. ^ Why is UETAL sometimes eused' 'hy 
lightning t 

A. Because the surface of the metal 
is too smaXl to afford a path for the 
electric current. 

Q. Why does LiOHTKnie extbiet the ^ib ? 

A. For two reasons* 1st — Because 



8& , LiouTNma purifies aib. 

tlie electric fluid produces *iiiMc acid 
iu its passage through the air<; and 

Sndly — ^Because the agitation of the 
storm stirs uj the air. 

The **nltrio acid*' Is produced bv the eombination of eome por> 
tlons of the ozygeu and nitrogen or the air.* 

Q. Sow doet the production of nUrie add 
PVBiFT the air T 

A. Nitric acid acts very powerfully in 
destroying the exhalations, which arise from 
putrid vegetable and animal matters. 

Q. is ziauTSiSQ more common in 

BUUHEB and AUTUMB, than in sprityr and winter f 

A. Because the heat of summer and 
autumn produces ffreat evaporation) and 
the conversion of water into vapour always 
developes electricity. 

Q. Whp does a thundeb-btobm generally 
follow very dry weather t 

A. Because dry air (being a non> 
conductor) will not relieve the clouds of 
their electricity ; so the fluid accumulates, 
till the clouds are discharged in a storm. 

• The oiygeii and nitrogen are tet eombified, hat dmplj miM 

intheordiniurjair; but lightning cauaeaaome portions of the nitaed 
ekmenta to combine. 
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Q. Whtf^doet a thvssbb-stork rJtvfy 
tuceeeJ vaet wtaiher T 

A. ‘Because moist air or falling rain 
(being a conductor) carries down the 
electric fluid gradually and silently to 
the earth. 

Q. Why ia slectricitt excited by tbio> 
Tioir? 

A. Because friction disturbs the 
equilibrium of the two fluids; which 
remain no longer quiescent, but separate 
from each other. 

When this disturbance takes place, the two fluids are said to be 
to “ a free state.’* 

Q. Why is a tbee sometimes scorched by 
lightning y as if it had been set on fire f 

A. Because it obstructed the course 
of the electric fluid, in its way to the 
earth ; and when electricity is obstructed 
in its path, it gives out great heat. 

This would be especially the case in old knarlcd oaks, and dry 
sapless which would be but very imperfect conductors. 

Q. Why is the babe of a tbee often ripped 
quite off ^ a flash of lightning f 

A. Because some obstruction is offer- 
ed to die electric fluid in its passage down 
the tree, and the bark is ripped off by the 
mechanical violence of the resisted flash. 
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Q. Why are bofshs qf tri^bs broien off 
by lighimngT ‘■ 

A. Because the mechanical force ot 
lightning isvery great; and, as the boughs 
of a tree are imperfect conductors, they 
mil often be broken off by this force. 

Q. Why is an eleetrio shoeh felt host at 
the BUBORT-JOINT P 

A. Because tho path of the fluid is 
"'hstructed by the joint : The shock (felt 
dC the elbow) is caused by the fluid 
leaping from one bone to another. 

Q. J9 electricity accompanied with any 
ODOUB? 

A. Yes ; near a large electrical ma- 
chine in good action, there is always a 
peculiar odour, resembling sulphur and 
phosphorus; this odour is c^led “ Ozone.” 

Pronounce o-eonb, in two Byllables. 

Q. Has thU peculiar odowr^ called “ OzoNB,” 
been observed in thunder-storms ? 

A. Yes ; at times the snjlphurom odour 
ftrevails, and sometimes the phosphoric. 

If the gaaeous body disengaged by lightning, reaches ns in a oon- 
vpntrated form^ the odour is svlfuuuuub ; if in a JiUtUd form, it is 

PIIOSPUUUIO. 

Q. What are Bro'eTiBiTEB P 

A. Hollow tubes produced in sandy 
soils by the ar^on of lightning. 
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< 4 , " Sew doet lightning j^dneefut^writ t* f 

A. When it enters tne ear&i, it fuses 
the flinty m&tter of the soil into a yitreous 
(or glassy) substance, called a fulgurite. 

Q. Sow doet lightning sometimet <0etd the 
character of laoN and stsel P 

A. Bars of iron and steel are some* 
times rendered magnetic by lightning. 

Q Give an instance of the magnetic gjfeett 
of lightning. 

A. Sometimes it will reverse the mag- 
netic needles of the electric telegraph, 
and sometimes destroy their magnetism 
altogether. 

Q. What it meant hy the magnetic needles 
being betersed P 

A. That part of the needle which 
ought to point towards the north, is made 
CO point towards the south ; and that part 
which ought to point south, is made to 
point towards the north. 

Q. Sow does lightning act upon the magnetic 

needdet of the electrte telegraph T 

A. The electric fluid is conveyed 
along .the conducting wires round the 
teleoraphib needles. 
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CHAPTER IIJ. 

Q- Whe^ it tie third aowreeqf heat t 

A. Chemical Action. 

Q. What it meant btf chemical action beinj 
the eource qfheatf 

A. Many things, when their chemical 
constitution is changed, (either hy the ab- 
straction of some of their gases, or by the 
combination of others not before united) 
evolve heat, while the change is going on. 

Q. Explain by illustration what you mean. 

A. Water is cold and sulphuric acid is 
cold; but if these two eoli liquids be mixed 
togetiier, they will produce great heat. 

Q. Why doet OOLi> wa.t£b, poured on limb, 

produce great heat ? 

A. Because the water unites with 
the lime ; and becoming solid, gives of! 
that heat, which was necessary to retain 
it in a fluid state. * 

N.B.>-Heat is always evolved^ when a fluid is converted into a. 
aolid form. Heat is always absorbed^ ^hen a solid is changed into 
a Hguid state. 

Q. Where does the heat eomejrom t 

A. It was in the water before ; but 
was in a latemX state:' 
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LATENT HEAT^ 

Q. Was there heat in the cold neater Und 
Ume^ hejigre th^y were mixed together f 

A. Yes. AU bodies contain beat; 
the coldest ice, as well as the hottest fire. 

Q« Is there heat even in ice ? 

A. Yes; but it is latent (i.e. not 
perceptible to our senses). 

Latent, from the Latin ^ord, Lateo (to lie hid). 

Q. How do you KNOW there is heat^ if you 
cannot perceive it ? 

A. Thus: if a pound of ice, 32 
degrees of temperature, be melted over 
a ^e, although 140 degrees of heat 
are absorbed by the process, yet . the 
temperature is not increased in the 
slightest degree. 

The melted ioe will still be 82* and not 172*. 

Q, What beeomet of the 140° of heat which 
went into the ice to melt itf 

« A. It is employed in the mechanical 
work ofachanging the solid ice into water. 

Q. When water ie concerted into bieau, how 
much heat becomes latent or insensible / 

A. As much as 1000 degrees, all of 
which 4 s employed in the mechanical 
work of breaking up the water into steam, 
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^Q. How is it postible for 140 degr^tB of heat 
to past into ice mthout raising the^fempeiiature f 

A. Heat, like any other force, can 
do only one thing at a time. In ice it 
employs its whole force in breaking np 
the solid into a liquid ; and if its whole 
force is thus employed, it has none left 
for raising temperature. 

Q. Explain how 1000 degrees of heat pass 
into boUmg water without increasing its temperature, 

A. Its whole force is employed in 
changing the water into steam, and if its 
whole force is so employed, there is none 
left for raising temperature. 

Q. How can we be made to feel the heat of 

lOE or SNOW ? 

A. Into a pint of snow put half as, 
much salt ; then plunge your hands into 
the liq^ ; and it will feel so intensely 
cold, ^iwict the snow itself will seem warm 
in comparison to it (see p. 377). 

Q. Is SALT and smw really goldeb than snow / 

A. Yes, many degrees ; and by dip- 
ping your hands into the mixture first, 
and into snow aftepyoards, the sn6w will 
seem to be compardtively warm. 
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Q. W%ta^Ttaxi 

A. Heat and light, produced bj the 
fcombustion of inflammable substances. 

■ Q. How it HXAT evolved by eombuetionf 
'‘A. By chemical action. As latent 
heat is liberated, when water is poured 
upon lime, by chemical action ; so latent 
heat is liberated in comhustion, by chem- 
ical action also. 

Q. What OHBUiOAti AOTIOV taiet place in 
eombttetion ? 

A. The elements of the fud separate 
from each other, and combine with the 
oxygen of the air. 

Q. What are the XLEUEirTS of EtrEE ? 

A. Carbon, hydrogen, and oxygen, 
•together with certain mineral substances 
found in the ashes. 

Q. What are the eleuentb <f aimpepherio 
AIE ? ■ 

A. C)xygen and nitrogen, mixed toge- 
ther in the following proportions : — ^Four 
gallons of nitrogen and one of oxygen 
will make 5 gallons of common air. 

Air contains small quantities of oarbonio add gas and ammoriat 
cs also vapour of water. 

Q. What it CAJtuosS 
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A. The solid part of l^ei. Carbon 
abounds in all animal b^es,* earths, 
and in some minerals. 

Q. Montion some different species of oabbon. 

A. Common charcoal, lamp-black, 
coke, and the diamond. 

Q. TFAot! W HTSBOOEN ? 

A. An inflammable gas. The gas 
used in our streets is hydrogen driven 
out of coals by heat. 

Goal gaa (more eorreotly apeaking) in oarburetted hydrogrn, i.e. 
earbon and oydrogen. p. 293. 

Q« What are the characteristics of hydrogen 

A. 1st — It is the itgntest of all known 

substances : 

2ndlj — It will burn immediately it is 
ignited: and 

Srdly— A lighted candle (immersed in 
it) will be instantly extinguished.’^ 

* Hydrogen gaa may be made thna aome pieces of alne|ii 

Imi fllinga into a glasa: puur over them a little aulphuric amd 
(▼itriol), dilated wi^ twice the quantity of water ; then cover the 
dtsm over for a few minutes, and hydrogen gaa will be given off. 

UXPB&IKKNTa. 

If a flame be put Into the gloaa, an sxPLoaiow will b^ made 
< If the experiment be tried in a pnial, which has a piece of toliaooo* 
pipe run thzongh the cork, and a light held for a few momenta to 
tim top of the mpe, plami will be made. 

If a Mdloon be heldnver the phial, (ao that the gaa can inflate 14) 
Ihi haUooD win awm in n very lew minutea. 
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Q. i$ bxTasK P 

A. • A gSs, much heavier than hydro* 
geh ; it gives brilliancy to flame, and is 
essential to animal life.* 

Q. What it NiTuooEN P 
A. An invisible gas, which is the 
principal ingredient of common air: it 


* Oxygen gafl is much more troublrBome to make than hydrogen. 
Thf* cheapest plan is to put a few onnccs of luang^ese (called tile 
black oxide of manganese) into an iron bottle, furnished with a bent 
tube ; set the bottle in a lire till it becoines red hot, and put the end 
of the tube into a pan of water. In a few minutes, bubbles will rise 
through the water : these bubbles are oxygen gas. ^ 

These bubbles may be co«Icctcd thu'« : —Fill a common bottle with 
water : hold it inverted over the bubbles which rise through the pan, 
but be sure the mouth of the bottle be Inid in the water. As the 
bubbles rise into the lx)Ulc, the water will run out ; and when all the 
water has run out, the bottle is full of gus. Cork the bottle while the 
month remaina under wnter: set the bottle on its basej cover the 
oork with lard or wax, and the gas will keep till wanted. 

N. B.— The quickest way of making oxygen gas, is to rub together 
In a Uiortor luilf an ounce of oxide of cfjpper, and half an ounce ot 
ehloratc of potassa. Tut the luixiure iiiUi a common oil flask, fhr- 
nished with u cork which has u brut tube thrust through it. Heat 
fbe bottom of the flask over a cunille or lamp ; and when the mixture 
is r«Hl hot, oxygen gas vrill be given off. >’ute— the tube must be 
immersed in a pan of water, and the gas collected as before. ’ » 

(Chlorate of potassa mav be boegnt at any chemlif^; and oxide 
of copper iway be procuieti by healing a shi*etof copper red hot, and 
when cool, striking it with a liuiaiucr ; the scales that peel off, are 
oxide of copper.) 

> Exr. Put a piece of red- hot charcoal (Axed to a small piece of 
wire) into 3'our bottle of oxygen gas; and it will throw out most 
dazxling sparks of light. 

Blow agfiandle out ; and while the wick is still red, hold the eandP 
(by a piece of wire) in the bottle of oxygen gas ; the wick wlh 
Inatantly ignite, and burn brilliantly 

(Burning sulphur emits a blue flame, when immerMl in osyg«s 
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abounds in animal substance : The foU 
lowing are its characteristics ? * 

1. It will not burn ; 

2. It will not sujtport combustion ; and 

8. An animal (.-uunot live in it. 

nearly 4 galluna out of every 6 u:* coinmon air are nitrogen gaa.* 

Q. W/ii/ is there so Mccii nitrogen in the mr t 

A. In order to dilute the oxygen. 
If the oxygeu were not thus diluted, 
6res would burn out too quickly, and 
ufe Avould be too rapidly exhausted. 

Q. What three elements are employed t» 
making a common FinE '( 

A. Ilydrogoii gas, carbon, and oxygen 
gas : The two lormer in the fuel; and the 
last in the air which surroimds the fuel. 

Q. What causes the combustion of the fuelt 

A. The hydrogen gas of the fuel 
(being set free and excited by a match) 
wUcs with the oxygen of the air, and 
malies ayellow {lame ; this flame heats the 

* nitrogen gas may easily be obtained thua Put a piece of Irani* 
lug phuspburuH on a little hlund in a plate of water : and cover a 
beU-glasi} over it. ( Be eure the edge of the glam stanils in arafer.) 
In a few minutes the oxiiaen of the air will be taken up bylthe bum* 
lug nboaphurue ; and the nitrogen ahme will be left in the bell glasa. 

(N.B. — The a’hitv fume which will aiise and be absorbed by tha 
water in thia rnperiment, la phoiphorii; acid ; i.e., pboHphnrus coin* 
bbiad wUh msygan of thrall J 
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carbon of th^ fuel, which unites with more 
oxygeir, and produces carbonic acid gas. 

The gBfl of the ftiel is earburctted bydrofrcn. The flame of port 
hydrogen Is pale blue—ot curburettetl hydrogen yellow, 

Q. What it OASBOHIO ACID OAS ? 

A. Carbon (or choi’coalj combined 
with oxygen gas.' 

Q. Why does FIBX j^oduea HBAT ? 

A. Because it liberates latent heat 
from the air and fuel, by chemical action. 

Q. What cuKuiCAL cuAVOES in air and 
fi$el are produced by combdstiom ? 

A. 1st — Some of the oxygen of the 
air, combining with the hydrogen of the 
fuel, condenses into water : and 

2ndly — Some of the oxygen of the air, 
combining Avitli the carbon of the fuel, 
forms carbonic acid gas. 

Q. Why it a fibb (after it hat been long 
burning) bed hot? 

A. ‘Because the whole surface of the 
coals is so thoroughly heated, that every 
part of it is undergoing a rapii union 
with the oxygen of the air. 

Q. * /n a BBAZiire tehy it the vpfeb 
turret of the COAXS bxack, and the luwza 
tur/aee Bxo? 

« a 



40 


CHEMICAL ACTION. 


A. Because carbon (beitSig solid) re 
quires a great degree of heat tO make 
it unite with the oxygen of the air. lo 
consequence of which, the hot under 
surface of coals is frequently red from its 
union with oxygen, while the cold upper 
surface remains black. 

Q. Which burns the more quiehly, a BXiAZUra 
fire, or a red-tiot one ? 

A. F uel burns qnickestin aMazing fire. 

Q. Why do BtA.ZIRO coals burn qcickbr 
than red-hot ones f 

A. Because the inflammable gases of 
the fuel (which are then escaping) greatly 
assist the process of combustion. 

Q. Why do the coals of a CLRAR bright 
fire bum out more slowly, than blaziny coals f 

A. Because most of the injlammahle 
gases, and much of the solid fuel, have 
been consumed already ; so tliat there is 
less food for combustion. 

Q. What is BOOT ? 

A. Unconsumed carbon of the fuel sep- 
arated from tlie solid mass, and carried 
up the chimney by currents of hot air. 

4 . What is 
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A. Uncfifnsumed volatile matters, sep* 
•rated *from the fuel, and carried up tlie 
chimney by currents of hot air. 

Thil Tolatile matter conptsta of visible vapour, variona gMeoct 
•xholatlona, and minute piecea of carbon. 

Q. Why it there uouE smokb when ooaiiS 
are fbesii added, than when they are red hot T 

A. Because more carbon and volatile 
matters are separated from the fuel than 
can be reduced by combustion; and tlie 
surplus flies off in smoke. 

Q. Why it there to liitlb suoKl with a 
BES'EOT fire t 

A, Because the entire surface of the 
coals is in a state of combustion ; and, as 
very little of tlie escaping carbon remains 
nnconsumed, there is but little smoke. 

Q. Why are there dabk and bbiqht epolt 
in a CLEAB cinder fire t 

A. Because the intensity of the com- 
bustion is greater in some parts of tlie fire, 
than it is in others. 

Q. Why is the intennty of eondmttton in a 
eommw%fire to unequal ? 

A. Becausd air flies to the fire ia 
various and uneQual currents. 



49 


CHEMICAL ACTION. 


^ Why do we tee dll iortt\f obotxbqvi 

nCWBKB in hot COALB ? • " 

A. Because the intensity of combus- 
tion IS unequal, owing to the gusty 
manner in which tlie air flies to the 
fuel : And the various shades of red, 
yellow, and white heat' (mingling with 
the black of the unburnt coal,) produce 
strange and fanciful resemblances. 

Q. Why does vapeb bubn more readily 
than wood T 

A. Because it is of a more fragile 
texture; and, therefore, its component 
parts are more easily heated. 

Q. Why doet wood bubn more readily, 
than eoalF 

A. Because it is not so solid; and, 
therefore, its elemental parts are more 
easily separated, and made hot 

Q. When a vibe it lighted, tahy iy faub 
laid at the bottom, against the grate f 

A. Because paper (in consequence of 
its fragile texture) very readily catches fire. 

Q. Why it wood laid on the top of theyx^erf 

A. Because wood (being more aub- 
$tantial\ bums longer than paper; and, 
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therefore,' a.^ords a longer contact of 
Hame to heat the coals. 

Q. Whg would not paper do 'stiTiiovr wood? 

A. Because paper bums out so 
rapidly, that it would not afford sufficient 
contact of Jlame to heat the coals to 
combustion. 

Q. W hy will not wood do without sliavingt, 

etraw, or paper ? 

A. Because wood is too substarUial 
to be heated into combustion by the 
feeble flame issuing from a match. 

Q. Why would not the paper do o* well, if 
placed on the tor of the coale? 

A. Because eveiyr bhize teruis upwards ; 
if, therefore, the paper were placed on the 
top of the coals, its blaze would afford no 
contact of flame to the fuel lying below. 

Q. Why should cojll he placed abotb the 
“pood T 

A. Because othenvise, ihe flame from 
the wood would not rise through the coal, 
to heat it. 

Q. ^ Why is a fre Enrnuco at the bowist 
BAB oftt grate T . 

A. That the flame may ascend through 
the fud to heat it. If Abe fire were 
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kindled from the top, the^ame would 
not come in contact mth the duel 'placed 
below. 

Q. Whtf doe$ coal make tuck excelleni 
euelP 

A. Because it contains a large amount 
of carbon and hydrogen gas, in a compact 
and convenient form. 

Q. Why will eindere leeome bed hot more 
quickly than coals P 

A. Because they are sooner reduced 
to a state of combustion, as they are 
more porotts and less solid. 

Q. Why will not ikon cindebs hum f 

A. Because the carbon and hydrogen 
have been chiefly consumed, and only the 
incombustible part of the fuel remains. 

Q. Why are cihdebs lighter than COALS P 

A. Because they are full of little 
holes or pores ; from which ga^s, and 
other volatile parts, have been driven 
off by prevmis combustion. 

Q. Why will not stones do for fuel, as well 
as COALS? • 

A. Because they contain no elements 
Suitable for combustion: and generally 
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the substances of which they are com* 
posed are already united to oxygen. 

Btanes eontain dies (i.e., dllcon and oxy^pn) : alumina 
alnmlnum andoxyffpn) ; and lime (Ue., calcium and oxy^pn). ^me 
racks contain sulphur, or a little carbon ; in which case they bum 
feebly. 

.. Q. Why will not wet Jeindling light afire f 

A. 1st — Because the moisture of the 
wet kindling prevents the oxygen of the 
air from getiing to the fuel; and 

Sndly — The heat of the fire is per- 
petually drawn off, by the conversion of 
water into steam. 

Q. Why doeg DitT wood bum better than 
OBESR ? 

A. 1st — Because none of its heat is 
carried away by the conversion of water 
into steam ; and 

2ndly — The pores of dry wood (being 
filled with air) supply the fire with oxygen. 

Q. ^hy does salt cbackiz, when thrown 
into a riBE f 

A. Salt contains water. The crock- 
ling of burning salt is owing to the 
bursting of the crystals, when the water 
is converted in,to steam. 

4 ^ Why will not wood or paper bum if 
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tteipeJ in a tolution of potas^ phuphaU if 
uitK or AMMONIA (harUhomi? ' . 

A. Because any “al'kall,” (such as 
potash) 'will arrest the hydrogen which 
escapes from the fuel, .and prevent its 
combination with tlie oxygen of air. 

Q. What it an aVkaii T 

A. A substance which will neutralize 
an acid. 

Soda, potaabt and ammonia, are all alknlla. The preMnce of an 
alkali inuy be detected thus Vofyetuble blttcM will be turned green 
by it ; and turmeric paper will be turned brotcn by it. 

Q. Why does a of flame sometme* 
burst into the room through the bahs of a STOTE ? 

A. Because the iron bars conduct 
heat to the interior of some lump of coal; 
and its volatile gas (bursting through 
the weakest part) is kindled by the 
glowing coals over which it passes. 

Q. Doet the JXT of QA.a ever etecypeunbtimtf 

A. Yes. If the gas passes at once 
into the air, or over coals not su&ciently 
heated to ignite it 

Q. Why doee a bluibh blame tomeHmet 
ftieker an the surface of hot cinders ? ^ 

A. Because the gas from the hot coals 
at the hoWm of the grate, mixing with 
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the carbon oj the coals above, produces 
an inflam triable gas (called carbonic 
oxide), which bums with a blue flame. 

Q. WJijf u the 7LAUX of a fire or candle 

YELLOW p 

A. The flame of a Are or candle is 
due to a gas called carhnretted hydrogen, 
which burns with a yelloio flame. 

Carbnretted hjdro(fen is a compousd of earbon and hydrogen. 

Q. What is hiouT? 

A. The unknown cause of visibility 
The most usual method of obtaining 
artificial light is by combustion accom* 
panied with fliMue. 

'I'he two theor:o» of light most nnuuHy receired are tUoM of 
Newton and iluvghoiiN. Accoi <htig tu Sir Imiuc Newton, luminoua 

S mrticlcBof an elastic iiniHindcMubU' fluid, called nhet't dart in all 
lircctions from the aurlure of liulii-giving hodioB like the eun. 
Muob the aame aa (mIcui* from n flouer. Aecordiiig to Huyghena, 
the aforenaid ether is merely a iW#ir/e, or medium, of light, juat aa air 
U •• medium of houtuI. Ar> a aonorou* Kubatunec communicatea ita 
r.braHon8 to Ihe atmosphere, and the atmosphere to the tympanum 
the ear, m> atoms of mutter, set in mirlioii by heat, commimicata 
wibrationa to the luminout ether, ano the luminous other, impinging 
tgiilnat the eye, produces there a sensation of light 
Such arc the theories of Neu ton and lliiyghens, but it ia high^ 
probable that ere long eiertricity or nuignetiam will be found m be 
the cause of light, and that the notion of a luminoua ether will be 
wholly discarded. ^ 

0* JDo^ 1 'GMT alwaj/t froduee beat? 
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A. No ; phosphorescent bodies, eertain 
animals, as glow-worms, alsd wood, meat, 
and Ssh, in a state of putrefaction, produce 
light unaccompanied with any perceptible 
heat. 

The Mine mej be taid of aome ehemieal phenomeiia« m to 
the ootnbuitlaii of the oxide of carbon and of chlorine. 

Q. Doet HEAT ALWAYS produce light T 

A. No; many substances, par/ icu/arh/ 
meUils, may be greatly heated without 
producing light 

Ileaf Is by m meant tiwtTS proportionate with the intensity 
of /iffhi For example : the Anme or the bicarbonate of hydrogen 
Is more brillliint than that ot pftre hydrogi'n, but the heat pro* 
dueed from the latter is considerably greater than that wnicb 

S iticeeds from the former. The flame which iiroduces the greatest 
egiTf of Arfsf is that which resulu from the ignition of one 
volume of oxygen and two of hydrogen, nevertheless this flame 
is seai'ccly vutthte in daylight. 

Q. JTV/y IS a YELLOW FLAME brighter than 
a KEH^HOT COAL ? 

A Because yellow rays produce the 
greatest amount of lights tliough red rays 
produce the greatest amount of heat. 

' Q. Why is the light of a Jire more ik- 
YEVSS sometimes than it is at others ? * 

A. The intensity o*" fire-light depends 
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upon the wMtenesa to which the carSon 
i& redifced'by combustion. If carbon 
be white hot, its combustion is perfect, 
and tlie light intense ; if not, the hght 
is obscured by smolce. 

Q. Why will not cibsebb blaze, m well at 
FBESH eoah ? 

A. The flame of coals is caused by 
the burning of carburetted hydrogen gas. 
As soon as this gas hes been consumed, 
the hot cinders produce only a gas, called 
carbonic acid, which is not combustible. 

Q. Where does the earluretted hydrogen 
^08 of a blazing fire come from ? 

A. From tlie fuel, which is composed 
of carbon and hydrogen ; these elements 
separate from each other during the 
process of combustion, and form into 
new compounds. (See p. 35.) 

Fuel whiflk will not bla7.e (an coke, cindera, charcoal, fte ), Is 
defoid of hydroKC'n f^oa. Yet if sulphur be present In any fhel, It 
will blaxe to sonic extent. 

Q. Why do coals hum out faster on a 
raosTT mouT, than upon any other f 

A. .Ist — Because an: condensed by 
the cold contains more oxygen than the 
same quantity of warmer an; and 



60 


CHEMICAL ACT10^. 


I . 

Sndly — ^Air condensed by the cold is 
heavier; in consequence of which; it falls 
more quickly on the fire, to supply the 
place of hot ascending air. 

Q. Why doe* a TinM bum cleabxit on a 
VBOSTT night T 

A. Because tlie volatile gases are more ' 
quickly consumed ; and the solid carbon 
is plentifully supplied with oxygen from the 
air, to make it buni brightly and intensely. 

Q. Why does a riBE bum more intensely in 
wiHTEB than in suhueb ? 

A . Because the air is colder in winter, 
than it is in summer. 

Q. Why does the coldsbbb of tub aib 
morease the heat of afire t 

A. 1st — Because air condensed by 
the cold supplies more oxygen than a 
similar volume of warmer air ; and 

2ndly — Condensed air, being heavy^ 
falls more rapidly into the place of the 
hot ascending air, to supply the fire with 
nourishment. 

Q. Why does the Buv, shining on a fibb, 
m«^ UITX.I., and often put it out f 

A. Ist Because the air (being 
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rarefied by 'the sunsbiae) fiowt mare 
thwhj to the fire and 

2ndly — ^The chemical action of the 
son’s rays is detrimental to combustion. 

The ftun*i raye are oompoeed of three parte ; lifthting, heatinfc* 
end aotinio or chemical raye. The two latter interfere with tlie 
(rooeee of combuetlon. 

Q. Why doe* air flow to the flre more 
FABSUT for being barkfiico ? 

A. Because the greater the contrast 
between the external air, and that whicli 
has been heated by the fire, the more rapid 
will be the current of air towards that liro. 

Q. Why does rarefied air afford lest iroVB* 
IBHUENT to the fire than cold air t 

A. Because rarefied air contains less 
oxygen, than the same bulk of condensed 
‘air. 

Inaamnch as the nine quantity of oxygen it dlffuMd through a 
larger apaoe. 

Q. Why does a TiBX bum more fiercely in 
the OPEI%AIB ? 

A. 1st — Because the air oxjd-of -doors 

is more dense, than the air in-doors ; and 

Sndly — It has freer access to the fire. 

Q. * Why is the air otU-<ff-doors more oefbk 
than that in^doort f 

k. Because it has fireer circulation; 
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and, as soon as any portion lias been 
rarefied, it instantly escapes, and 'is sup 
plied by colder currents. 

Q. Why does not a vibe burn to freely in 
a Tiixw, at in a vbost P 

A Because the air is laden with 
vapour; in consequence of which, ijt 
both moves too slowlij, and is too much. 
rarefied to nourish the fire. 

Q. Why doet a vibe burn very fiercely in 
WINDY weather ? 

A. Because the air is rapulhj changed, 
and affords plentiful nourishment to the 
lire. 

Q. Why doet a pair of beli.ows yet a 
fire up T 

A. Because it drives the air more rapid- 
ly to the fire; and the plentiful supply of 
oxygen soon makes it burn intensely. 

Clorke'fl Patent Blower is to be preferred, beoaoso It produces a 
otfutliiuouB blast. 

o 

Q. Why it the flame of a candle extin- 
OTTIBBED, when hloum by the breath i and not 
made more intenee, li/ce afire f 

A. Because tlie dame of a candle is 
confined to a very small wick, from* which 
it is severed by the breath ; and (being 
imsupported) must go out. 
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Q. if a BMOtrLDlBINO vice KHRA^mM 

aE-KlKDji£D ^ blowing it ? 

A. Because air is carried to it by the 
breath with great rapidity ; and the oxy- 
gen of the air kindles the red-hot wick, 
as it would kindle charred wood. 

Q. Why is not the red-hot wich kindled by 
the ATB ABOUND it, without BLOWINO ? 

A. Because oxygen is not supplied 
with sufficient freedom, unless air be 
hlotm to the wick. 

Q. When is this experiment most likely to 
succeed? 

A. In frosty weather; because the 
air contains more oxygen, when it is 
condensed by the cold. 

Q. Wh^ does a puxeb, laid acbobs a duh 
riBE, revive it ? 

A. Jb’or two reasons : 1st — Because 
the poker concentrates the heat, and throws 
it on the fuel : and 

Sndly— Air is directed between the 
poker and tlie coals, and a slight draught 
created. 

Q. Why mi the grates of modem btoteb 
fixed near the bloob qfa room? 
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A. That the sic on the lower part of 
the room may be heated by the 

Q. la not the air of the lower part of a room 
heated equallu well, when the gratea are fixed 
higher up ? 

A. No ; the heat of a fire has a verj 
little effect upon the air helow the level of 
the grate; and, tlierefore, eveiy grate 
should be as near to the floor as possible. 

Q. Our FEET are very frequently cold, 
whetr we sit close by a good fire : explain the 
reason of this. 

A. Because cold air ruslies through 
the crevices of the doors and windows 
along the hotlom of the room, to supply 
the place of that heated by the fire which 
ascends with the smoke ; and tliese 
currents of cold air, rushing constantly 
over our feet, deprive them of warmth. 

Q, Jf a piece of papee hr laid flat a clear 

fire, it will kot blaze, but uuae. Why so f 

A. Because the carbou of a clear fire, 
being sufficiently hot to unite with the 
oxygen of the mr, produces carbonic acid 
gas, which soon envelopes the paper laid 
ffat upon the cinders : but carbonic add 
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gas will neither hlaze, nor allow combus- 
tible matter suirounded by it to do so. 

Q. you BLOW the paper, or open the door 
tuddenly, it will blaze immediately. Why to f 

A. Because tlie carbonic acid is dissi- 
pated, and tlie paper fanned into flame. 

Q. Why does wateb bxtinottish a fibb 7 

A. 1st — Because it foims a coating 
over the fuel, which keeps it from the 
air: and 

2ndly — The conversion of water into 
steam, draws off tl le lieat of the burningfuel. 

Q. A LITTLE WATER make* a fire firbcbb, 
while a labo eb quantity of water puts it OUT : 
Explain horn this is. 

A. A little water is readily converted 
into steam, wliich increases the heat of a 
fire; but water plentifully supplied is 
not converted into steam, and stops 
combustion. 

Q. When the coals upon a fire are small 
and BUSTY, why are they sometimes sprinkled 
with water f 

A. {Because water makes the mass 
more solid, atfd the steam assists to heat 
the coals into perfect combustion. 
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Whm a houte U on Jtre,.it too uttli 
water worse than hoks ? » 

A. Certainly. Unless water be sup- 
plied so plentifully as to quench the fire, 
it will increase its intensity. 

When will water xxtinovish tibb ? 

A. When the supply is so rapid and 
abundant, that the fire cannot convert 
it into steam. 

Q. Does not a very xittle water blackxn 
the heat of fire T 

A. Yes, tiUit is converted into steam; 
it then increases the intensity of fire. 

Q. Why does the wick of a candle {when the 

flame has been Mourn out) very readily catcu fibe ? 

A. Because it is already hot, and a 
very little extra heat will throw it into 
6nrae. 

Q. Why does the ZXTBA heat revive the flame T 

A. Because it again liberates the 
hydrogen of the tallow, and ignites it. 

Q. Oannot wood be made to blazi without 
aetual eontaet with flre f 

A. Yes ; if a piece of wood be held 
near a fire for a little time, it will blaze, 
even though it does not touch it. 
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Q. ' Why win irooD blass, even (f it doee 
not touch* fire t 

A. I-iecause the heat of fire dxivti 
ofuX the hydrogen gas of the wood ; which 
gas is inflamed by the fire. 

Q. Why will a NKiaiiBOiTtt’s housb eome- 
timee catch fibe, though no fiame of the hwming 
house ever touches it f 

A. Because the heat of the burning 
house sets at liberty the hydrogen gas of 
the neighbouring wood-work; and this 
gas is ignited by the flames or red-hot 
bricks of the house on fire. 

The referred to in both theee uutwcrn, Ib not purti, hot tMjPiir# 

(or carburetled] hydrof^eii. 

Q. What is coke ? 

A. Coal freed from its volatile gases, 
by the action of artificial heat. 

Q. Why does Ahhott’s stove sometimes 
SMELii very strongly of sulphhb ? 

A. Because coke contains sulphur; 
and whenever the draught is not rapid 
enough to drive the sulphir up the flue, 
it is emitted into the room. 

Q. What is \neant by srONTABSOlTB OOH- 
BVSTioir t 
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A. Combustion produced without tho 
application of flame. , 

Q. Oive an example of sPOKTAiTBOirs con- 

BTTBTIOV. 

A. Coals stowed in the hold of a ves- 
sel, and goods packed in a warehouse, will 
often catch fire of themselves ^ — especially 
such goods as cotton, fiax, hemp, rags, Ac. 

Q. Why do ouch goodo oomethnes Ci-icn 
flBE of themselves f 

A. Because they are piled togethei* 
in large masses in a damp state or place. 

Q. Why doet tkie produce epontaneoue 
eomSuetionF 

A. Because the damp produces decay ; 
and the great heat of the piled-up mass 
makes the decaying goods ferment. 

Q. How doee thu fxbuektation produce 
OOMBTTBTIUH ? 

A. During fermentation, great heat 
is produced by chemical action,-S-a slow 
combustion ensues, — till at length the 
lohole pile bursts into flame. 

Q. Wky i» the rbat of a lasob ^abb ^ 
goodt OBXATEB than that (fa mailer quantity T 

A. Because the heat produced cannot 



SVONTAKEOU8 COMBUSTION. 50 


V 9 

Sscape through the massive pile; it 
therefofe accumulates, aud raises the 
temperature of the heap. 

Q. TFAy io HAT-STACKS tometimM oatob 
riBK of thimteloe* T 

A. Either because the hay was got 
up damp; or else because rain has 
penetrated the stack. 

Q. W7ty toill a hay-»taek catch fibs, \f 
the hay he damp T 

A. Because damp hay soon decays, 
and undergoes a state of fermentation, 
during which great heat is produced, 
and the stack catches fire. 

Q. It the HAT in a stack irjCBBD hy 
" BBAiiHO,” if it does not catch fibb ? 

A. Yes ; it is frequently charred and 
turned black ; which renders it unfit for 
use. 

Q. ffa hay~stack is found to he “ heeding'* 
what can he done to prevent its eatehing fire, or 
spoiling the hat ? 

A. It may be taken down ana re-formed 
‘ into a stack after it has been further dried : 
or a chimney may be formed in the middle 
' of the stack to caiTy off the heat. 
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CHAPTER IV 
SMOKE. 


Q. doet ttnoke abciks a chimney t 

A. Because the air of the room pass- 
ing over the fire, becomes lighter for 
being heated; and (being thus made 
lighter) ascends tlie chimney, carrying 
the smoke with it. 

Q. Why doet lighter healed air ascend in 
a chimney f 

A. Because the heavier cold air in 
the room presses it up. 

Q. What determines the rapidity ve strength 
qf the draught in a chimney T 

A. The dilference of weight between 
the cold air which supplies the fire, and 
the hot air in the chimney flue. 

Q. Why it the draught of a short flue more 
slack than that of a long one f » 

A. Because tlie shorter the flue, the 
less difference of weight is there between 
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the ascending current, and the air which 
presses It up the chimney. 

If ohlmneyi are too high, In comparlaon %tith tK§ Hm$ thtftn, 
the Bflcenduig air geta cold before it reaches the top: and the 
draught is iujured. 

Q. Whj/ do 8MOKX and steam odtufoe a 
' wreathy or* curly form ? 

A. Because they are pushed round 
and round by ascending and descending 
currents of air. 

Q. What are bt<aces P‘ 

A. Smoke condensed into flakes, 
which fall to the earth by their own 
weight. 

Q. Why are there no llacJu thrown from 
the funnel of a railway engine f 

A. Because condensed steam alone 
escapes from the railway engine, which 
is dissolved by the air. 

The fiiel burnt in the furnace ia so perfectly consumed, owing to < 
ch« sharpnesa of the draught, that very little depubit of soot can 
tahi> place. • 

The black deposit, which sometimes annoys the railway traveller, 
arises from water thrown through the chimney of the locomotive, 
made dirty in its passage. 

Q. Why does a “ fcbbace-fibi” dbaw up 
morefieroely than an open etooe f 

A. Because ^the air, which sup- 
plies the fire, must pass_ through the 
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Jwmce ; and, as it becomes exceedingly 
heated, rushes up the chimney with great 
violence. 

Q. TFkat produeet the boabins noiee made 
Ijf a vcvNACB^re f 

A. Air rushing rapidly through the 
crevices of the iron dour, and up the 
chimney fine. 

Q. Whji ie the boab lest if the famaee 
900B he thrown or£N ? 

A. Because fresh air gets access to 
the fire more easily ; and, as the air is 
not so intensely heated, its motion is not 
so violent. 

Q. Why do tome cbimkeis smoke P 

A. Because fresh air is not admitted 
into tlie room so fast as it is consumed by 
the fire; in consequence of which, a cur- 
rent of air passes down the chimney to 
supply the dejicieiicy, driving the smoke 
along with it. 

Q. What things would prevent air from being 

supplied as fast as it is consumed by thefre t 

A. Leather and curttuns round the 
doors; sand-hags at the threshold and 
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on the window frames ; and other con. 
trivances ta keep out the draught. 

Q. Why will the air came down the chimney f 

A. Because it can get to the fire in 
no other way, if the doors and windows 
are all made air-tight. 

Q. What it the heat bemedt in etteh a eaae T 

A. The speediest remedy is to open 
the door or window ; but by far the best 
remedy is to carry a small tube from the 
hearth into the external air, 

Q. Why is that the BZQT remedy f 

A. Because the fire will be plenti* 
fully supplied with air by the tube : the 
doors and windows may all remain air- 
tight ; and we may enjoy a warm fire-side, 
without the inconvenience of draughts 
and cold feet. 

Q. Why is a cbiunex raised ao high above 
the %00JSjt 

A. That it may not smoke; as all 
funnels do, which are too short. 

Q. What ia meant by the tvswxl or WLVxa 
tf a chimney f 

A. That part of a chimney through 
which the smoke passes. 
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^ Why doet a ohimsbt buosc, if th« 
funnel he very ehort ? • 

A. Because the draught" o{ a short 
flue is too slack to carry the smoke up 
the chimney. 

Q. On what doet the intensity of fire depend f 

A. The intensity of fire is always 
in proportion to the quantity of oxygen 
with which it is supplied. 

Q. Does the SBAVonT of a chimney depend 
on the SPEED of the smoke through the flue / 

A. Yes. The more qui(;kly hot air 
flies up a chimney, the more quickly cold 
air will rush towards the fire to supply 
its place ; and, therefore, the longer the 
fiwe, the greater the draught. 

Q. Why are the cniMSETS qf maitofac- 
TOBIES made so very loko ? 

A. To increase the intensity of the fire. 

Another reason for this armniremcnt la to prevent the annoyanee 
eaused by tlio smoke and nnwholesomc gases, when they escape too 
near to inhabited dwellings. 

Q. Why it the WTEWSiTT qf a fire in- 
ereased by itSKOTHEinve a elde ? , 

A. Because the draught being greater, 
more fud is consumed in the same time; 
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and, 6( bourse, the intensity of the heat 
is proportionally greater. 

Q. J^ a SHOBT CHTHNET eanitot he len^h- 
med, what it the best bbmedt topreoeni tmokingt 

A. To contract the opening of tht 
chimney contiguous to the stove. 

Q. Whg will a skalleb ofenibo tdme 
the etovCf fbetent a chimney' t smukino ? 

A. Because the air will be compelled 
to pass nearer the fire ; and (being more 
heated) will rise through the chimney 
more rapidly : This increase of heat will, 
•therefore, compensate for the shortness 
of the flue. 

Q. Why will a soon smoee, \f there he 
iwo FiBES ur IT ? 

A. ‘ Because the ^erc«r fire will exhaust 
the most air; and may draw from the 
smaller one, to supply its demand. 

This inconvenience does not arise in lar(^ rooms, with Are pro- 
perly ot^uAid. 

Q. Wliy will a chimney shoke, if there he a 
fire in two booms communicating with each other f 

A. Because (whenever the door be- 
tween *the two rooms is opened) air will 
rush from the ' chimney of the inferior 
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fir^ to supply the other ; and hibth^ tooioa 
will be filled with smoke. 

Q« What is the best bkmbdt in this case t * 

A. To carry a tube from the hearth 
of each stove into the external air ; and 
then each fire will be so well supplied, 
that neither will need to borrow from tha 
other. 

Q. Why do testry chimneys so often smoke f 

A. Because the wind (striking against 
the steeple) is reflected back ; and rushing 
down -the vestry chimney, forces the 
smoke into the room. 

Q« What WINDS tnake vestry chimneys smoke t 

A. Those from the north-east or 
south-east ; according to the position of 
the vestry. 

Q. Why wiU east winds ma/ie vestries 
SMOKE, more than west winds ? 

A. Because east winds strike against 
the steeple, and bound hack agaih to the 
vestry chimney; but west winds cannot 
rebound over the roof of a church. 

N.B. The gUmpU of a ohurch is always due wggt a^d the other 
end of the church due eaet; if, therefore, a weat wind were to re- 
bound, it would rebound to the west (or away from the ehure\/ 
waAwaltowardeit, 
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Q. * ion a Bovaa In a taxubt %ery 

tfim BiipKi '! 

« A. Becftuse the mnd (striking against 
the surrounding hills) hmmds hack again 
upon the chimney, and destroys its draught. 

Q. TThat it the oouMOir bxiust mi both 
these eases T 

A. To fix a cowl on the chimney-top, 
to turn like a weather-cock, and present 
its back to the wind. 

Q. Why will not a oowL atwaye rBSTSVC 
• chimney smokino P 

A. Because a strong wind will keep 
the opening of the cowl towards the steeple 
or hill; and then the refiected wind will 
blow into the cowl and down the chimney. 

Q. - As a eowl is such a poor remedy, what 
OTHEB can be suggests T 

A. If the chimney-flue can bo carried 
higher than the steeple or hills, no wind 
can enter the flue. 

Q. Jiy a ehvnmsy-fiue be earriei up BlOHKB 
than the steeple or hill, why cannot the wind 
enter itt 

A, •Because the reflected wind would 
strike against the sides of the chimney- 
fluQ, and not pass over its^ep^nti^ at alL 
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Q. A vihat OIHIB oau$ mU It daatgn 

■MOXK F 

A. If the door and store are both, 
placed on the same side of a room, the 
chimney will often smoke. 

Q. Why vnll a OHUiNGT bmokz, if the • 
900B and btotb are both on the same side ? 

A. Because (whenever the door is 
opened) a current of air will blow obliquely 
into the chimney-flaee, and drive the 
smoke into the room. 

Q. What BEHEST can he applied to this evil f 

A. The door must be set opposite to 
the chimney-place, or nearly so ; and • 
then the draught from the dour will blow 
the smoke up the chimney, and not into 
the room. 

Q. Why will a cbihnet smoke ^it needs 
■WBEEIirO F 

A. Because loose soot obstructs the 
free passage of the smoke, ch^ks tlie 
cwrreat, and prevents the draught. 

Q. Why will a chimbet smoke ^ it he 
OUS'OT BEEAIB F 

A. 1 st — Because the loose moxjtar and 
bricks obstruct the smoke : and 

Stadly—^dld air (oozing through the 
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chinks) chUls the air in the chimneys, and 
prevents its.ascent. 

Q. ^ WJiy wHl an Absott’b stove buokb, 
if thejoinU of the flue do not Jit air~ii^ht T 

A. Because cold air (oozing through 
the joints) chiUs the air in the floe, and 
prevents its ascent. 

Q. Why does an old-fashioned fabk OHIU* 
BET-PLACE generally smoke t 

A. Because tlio opening is so very 
large, that much of the air which goes 
up the chimney, has never passed near 
the fire ; and this cold air (mixing with 
the hot) so reduces its temperature, that 
it ascends very slowly, and the draught 
is destroyed. 

Q. Why does a chimney buokk tf the 
DBAUaBT be BLACK? 

A. Because the current of air up the 
chimney is not powerful enough to buoy 
up the smoke through the flue. 

Q. y the opening of a chimney he Too 
LABOEr ndutt BEHEOT can be applied T 

A. The chimuey-place must be con- 
tracted. 
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^2* Why u>iU oovTiuCTiKe th& ehimney- 
plaee rnz'nsT iu mosxsa‘} • ^ 

A. Because the air wili then pass 
nearer tlie fire ; and (being more heated] 
fly faster up the chimney. 

Q. Why do edmott aU chiunxtb suokb in 
otrsTT weather f 

A. Because the column of smoke is 
suddenly chilled by the wind, and (being 
unable to ascend) rushes back into the 
room. 

Q. What it the use of a cutuket>pot P 

A. To increase the draught, when 
the opening of a chimney is too large. 

Q. How doet a chimney-pot nroBEASS the 
ORAUOHT of a chimney? 

. dA. 1st — By diminishing the aperture 
of the funnel, and thus preventing cold 
air from entering the chimney to chill 
the warm ascending air ; and 

Sndly — By lengthening the flue, and 
increasing the draught. 

Q. Why do tiH'BTjOWEBB help iv yet a 
lire npf 

A. Because they compel the air 
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go through the fire, and not over it ; in 
eonseqiience. of which, the fii-e is well 
supplied with oxygen, and the draught 
greatly increased. 

. Q. Whjf does a blowjcb ihcbbam tha 

UBACOHT ? 

A. Because it compels the air to pass 
through tho fire; and, being made much 
hotter, it ascends the chimney more 
rapidly. 

Q. Why is a fire letter supplied with oxygen 

while the blower hangs before it / 

A. Because the draught is increased ; 
and the faster the }u>t air Hies up the 
chimney, the faster will cold air rush 
towards the fire, to supply it witli oxygen. 

Q. Why does a parlour often bmsll 
ayreeahly of^ooT in summeu time? 

Av Because the air in the chimney 
tbeing Hblder than the air in the parlour) 
deseed into the room, and leaves a 
disagreeable smell of soot behind. 

Q. JWhy are the CEiuiras OT tublio 
OTFicxB generally bIiACX and filthy f 

A. Because tlie heated air of the office 
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carnes up the dust and fine soot;* which 
is deposited on the ceiling. . 

Q. Why an BOUi part» tf tie ee&img 
BiiA.CKXB and more filthy than otheret 

A. Because the ceiling, by the drying 
of the plaster, becomes uneven, and the 
currents of air which pass over it, deposit 
the dust or fine soot on the more promi- 
nent parts. 

% What it cuABOOAXt? 

A. ‘WoodwViich has been exposed to 
a red heat, till it has been deprived of all 
its gases and volatile parts. 

Q. Why it a chabcoal pibb hotter Aon a 
wood fire? 

A. Because charcoal is nearly pure 
carbon, while wood contains other ele- 
ments ; and, as it is the carbon of fuel 
which produces the glowing heat of com- 
bustiou, tlierefore, the purer the carbon, 
the more intense will the heat of a fire 
be. 

Q. Why doet ehareoal beicovx the tautt 
qfmeat? 

JL Because it absorbs all putrescent 



CMABCOACu 


n 

( * * 

effluvia, whether they arise from animAl 

or vege&ble matter. 

Q. Why M WA.Ti!B PVBIFUD by beiny 
Mtend through charcoal t 

A. Because charcoal absorbs the m- 
purities of water, and removes all dis- 
agreeable tastes and smells, whether they 
aiise from animal or vegetable matter. 

Q. Why are water and wiiia eat&e cuabbbd 

k. Because climriitfi the inside of a 
cask reduces it to a kind of charcoal; 
and charcoal (hy ahsurhing animal and 
vegetable impurities) keeps the liquor 
sweet and good. 

Q. . Why does a pircp of n\iaVT JtBXX'D make 
impure healer wore JU to drink ? 

A. Because the surface of the bread 
(which has been reduced to charcoal by 
being burnt) corrects the impurities ol 
the water, and mukes it palatable. 

Q.- Why should TOAST and WATBE, plaeei 
hy the side qf' the sick, hr made of BO RUT breadf 

A. Because the chuicqal siurfaoa of 
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burnt bread prevents the watc^ from 
being ah'ected by the impurities of a 
sick room. 

Q. Whtf are ttmbsbs, which are to he 
exposed to damp, cbaukko 7 ^ 

A. Because charcoal undergoes no 
change by exposure to air and water : in 
fonsequence of which, timber will resist 
weather much longer, alter it has been 
charred. 

Q. Why are posts, which are fixed in tJu 
yround, CUAUUica ? 

A. Because charred wood resists 
decay, (which would otherwise affect the 
part undergromid,) from tlie moisture of 
the earth. 

Q. What precaution it neeettory in char- 
ring posts T 

A. To continue the “ changing” be- 

? rond the part buried in the ground; 
est Uie post should deca^ at the hose, 
from rain aid other moisture ^ on the 
earth’s surfa(«. 

Tv)pMtihmild''e ill ndloiboatMi font •Iwntfat gcmpd* 
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CHAPTER V. 
LAMPS AND CANDLES. 


’‘Q. Qf what are oil, tallow, and wax 
eompotedf 

A. Principally of cai’bon and hydro- 
gen gas. The solid pai't is cai'bon, the 
volatile part is hydrogen gas. 

Oxyirm also, In amaU proportioni, entera Into tho oompoaitloii of 
■omc HulMtuiiccH UMed for cuiidlfs. 

Q.' What is CKVLUOTS^ 

A. A solid substance, generally of a 
black colour; well known under the 
forms of charcoal, lamp-black, coke, &c. 

Q. What is utdkooen oas ? 

A. One of the elements of w'ater. 
It bums so readily, that it used to be 
called “ inflammable air."* 

Common coal (taa la a compound of curbon and hydrogen, caUed 
**oarburctted hydrogen.** 8cc p. 2U3. 

Q. A CAN J>L£ B UBN B when liylUed — Explain 
how this is, 

A. The heat of the lighted wick 
decompq/ses the tallow or wax ; and fomis 
vapour of water,’ and carbonic acid gas. 

• iMroetlona ^or — •fciwg bvdM n gaa Are glTcn on p. 87* 

H B 
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Q. How are vapour of water and earbonn 
acid ^08 formed from the burning tallow or wax 
of a candle f 

A. The hydrogen of the candle, com- 
bining with the oxygen of the air, forms 
vapour of water : and the carbon of the 
landlc, combining with the oxygen of the 
air, forms carbonic acid gas. 

Q. 'Wnens is the tallow or wax of a candle 
decomposed? 

A. In the wick. Tlie melted tallow, 
or wax, rises up the wick by capillary 
attraction, and is rapidly decomposed by 
the heat of the dame. 

Q. What is cai'Ii.l&ht attkactiok P 

A. The power which very minute 
tubes possess, of causing a liquid to rise 
in them above its level. 

♦‘Capillary,’* from tho l.ntin word, **caplllari«** {like a hair); 
the tubes referred to ure .iliitost :i4 Hue anti delicate os a hair. 

Water ascend.'- throuij'h a lun.pof ‘•us.'tr, or piece -jf sponf^e, hy 
capillar}' attraction. N.K. The smaller a tube, the liigher viL a 
liquid be attracted i.. It. 

Q. Whg is the flame of a candle hot ? 

A. Because it liberates latent heat 
from the air aiul tallow. 

Q. How is LATENT HEAT liberated As 
flame tf a candle f 
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A. When the elements of the tall&w 
combine^vith the oxygen of the air, latent 
heat is liberated by the chemical changes. 

Q. Why does the flame of a candle produce 
ueuT P 

A. Because the chemical changes 
made by combustion, excite undulationx 
of luminous ct/tcr, wiacli (striking the eye) 
produce light. (See p. 47.) 

Q. Describe the different parte of the flame 
of a common cakolg. 

A. The ilaine consists of three cones : 
The inner or hollow cone, in which no 
combustion takes place ; — the interme^ 
diate cone or area of pai'tial combustion, 
in which the hydrogen is cliietly con- 
sumed ; — and the outer cone or a 7 'ea of 
perfect combustion, in which tlie carbon 
IS principally burned. 

Q. irhy doee the inside <f the flame appear 

MOLLOW ? 

A. Because it is filled with invisible 
'vapour • raised from the candle by the 
heat of the wkk ; which cannot be burnt 
unless in contact with the air. 
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Q From vihieh paH of the jlamh it ihe 
greateet Uluminatimj power derived ? . 

A. From the intermediate cone, in. 
which the burning gas raises the particles 
of carbon to a white heat ; upon which 
the illuminating power depends. 

Q. Why, for the most part, is only the 
hydrogen consumed in the intermediate cone T 

A. Because the oxygen of the air Ijas a 
greateraffinity for liydroyenthan forcarbon; 
and thatwhich penetrates to tliispartof the 
flame, not being suflicient to combine with 
both, unites with hydrogen to form water. 

Q. Why is the middle cone in a state of 
less perfect combnslion than the outer f 

A. Because the outer cone prevents 
the oxygen of the air from getting freely 
to the middle of the flame ; and without 
free access of oxygen, there cannot be 
co|nplete combustion. 

Q. Jlliy is fhe OUTER of less illuminating 
POWER than the intermediate cone? 

A. Because the ineandcsccnt carbon, 
which passes to the outer cone, i^ imme- 
diately consumed by combining with the 
oxygen of ihe air, to form carbonic add gas . 

xTiMnnilaMMvU'* that Ii. belted to wbitenfm. 
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Q. * M the BOtToit cf the flame f%arple f 

A. Because it contains very little 
incandescent carbon, on which the illu- 
minating power of a candle depends. 

Q. Why doee the flame of a candle point 
uswxofis f 

A. Because it heals the surrounding 
air, which (being hot) rapidly ascends, 
carrying the Hame upwards at the same 
time. 

Q. Why is the flaue of a candle pointed 
at the top, like a cone ? 

A. Because, as the cone of heated 
vapour rises, it is consumed; and its 
surface being diminished, a pointed form 
is given to the flame. 

Consumed,” thut Is, converted into vapour of water and car- 
bonic acid ifUH. 

Q. is the FTAME of a candle blown 

OUT by a pvjf of breath f 

A. Because it is severed from the wicky ^ 
and goes out for want of support, 

Q. Why does the flame of a candle make 
a glass (which is held over it) damp ? 

A. oBecause a ‘‘watery vapour" is 
made, by the combination of the hydrogen 
of the tallow with the oxygen of the air; 
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which is condensed by the cold^ glass^ 
held above the flame. 

Water li oompoeed of oxygen and hydrogen goaeBi ebemioolly 
nulled. 

Q. Why doe» the hand, held above a eaadle^ 
mff'e*' more from heat, than when it it placed 
BELOW the flame, or on one side of it ? 

A. Because tiie asceiuling heated ah 
comes in contact with the hand placed 
above the flame ; but when the hand is 
placed below the flame or on one side, it 
only feels heat from radiation. 

“Radiation:** I.e. emlHsion of ray«. The candle-flame thrown 
oat rnvK of light and lunit in all directions; but when the liuml 1 m 
! held o/jfive the flaiue. it not only feels the heal of the raj^s, but also 
wf the ascending current of hut air. 

Q. Why w a BOSn-LionT extinguished more 
quickly than a cotton-wick candle t 

A. Because a hard rush imbibes the 
melted fat or wax much more slowly 
than porous cotton ; as it imbibes less fat, 
it supplies a smaller volume of combustible 
gases; the flame is, therefore, smaller, 
and more easily extinguished. 

Q. Why is it more dijfleutt to blow out a 
OOTTOir wick, than a rush-light f ^ 

A. Because porous cotton imbibes tne 
melted fat. or wax, much more quickly. 
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than hd!rd rush : as it imbibes store fat, 
it supplies the flame with a- larger 
volume of combustibU gases; arid, of 
course, the light is with more difficulty 
extinguished. 

* Q. Why U a OA8 flame mnre easily exHi\- 
guishedy when the jet is very slightly turned 
than when it is in full stream ? 

A. Because there is less volume of 
combustible gases in the small flame, 
than in the full blaze. 

Q. Why does an extinouisuiee yut a ean^ 
die out t 

A. , Because the air in the extinguisher 
is soon exhausted of its oxygen by the 
flame: and when there is no oxygen^ 
flame goes out. 

Q Why does not a candle set fire to a 
PIECE OF PAPER twisted into an extinguisher^ 
and used as such T 

A. 1st — Because the flame very soon • 
txhausts the oxygen contained in the 
>aper extinguisher : and 

2ndly— -The flame invests the inside of 
the paper extinguisher with carbonic add 
gas, which prevents it from blazing. 
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Why it a lovQ wicx never upAyhtf 

A. Because it is bent by its own 
weight 

^ A LOKO wiOK M covered vdth an zmo* 
■■•pjesCB at the top . — What does this arise from? 

A. This knotty or flowery appearance 
arises from an accumulation of charred 
particles of cotton, which have not been 
completely burnt, because the oxygen of 
the atmosphere has been kept from them 
by the outer cone of the flame. 

Q. Why is not the end qf a lony tciek 
burnt ifff', as it hangs over the Jlamef 

A. Because the length ami thkhnest 
of the unbumt wick so diminishes the 
Jlatne and checks comhustum, that there is 
not heat enough to consume the charred 
particles. 

Q Why do the vAelee of Palmer' e candles 
never require snuffing t 

^A. Because the wick is divided into- 
two or more parts, which, witli the assist- 
ance of a jine wire twisted with the cot> 
ton, spread and project beijond the Jlame ; 
where they are readily consumed. 

Immedlatelj the wick rcuchea tbe outer etmo of the flame It le 
ce n au me d, bemuie th^mpply of osygen u eery plentllkil there. 
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Q. Why do common emdlco nqidn to bo 
mutjfcdf 

A. Because the wick is surrounded 
bj the outer cone of the flame, which 
prevents a suflicient supply of oxygt^io 
cause complete combustion. 

Q. do wax and composits candle never 

require snuffing f 

A. Because the wick is so platted 
as to bend into the outer cone, where it 
is completely consumed. 

Q. Whg is this plan not adopted in making 
tallow candles f 

A. Because the bending of the wick, 
which causes part of the flame to pro- 
ject, would melt the tallow on one side too 
quickly, causing the candle to “ gutter.*’ 

Talloiv melt'* AT a lower trinporatiirp than wax or ntearine ; whieb 
pr-cvento the cmpluyiiu'nt oi Uiia plan for convuwmg the wick* 

Q« hat is the smoke of a candle ? ' 

A. Solid particles of carbon, separated 
from the wick and tallow, but not con- 
sumed.. 

Q. Why Arc 80MX farticUc eomumed, and 
not 0TBZB8? 
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A. Because the outer surfac^ of the 
flame prevents the access of air t& the in- 
terior parts, whence much of the carbon 
passes off in smoke. 

Th« eomhttation of tho carbon depends upon its eombmmg wUk 
like oxygen the air. 

Q. Why do lamps smoke P 

A. Either because the wide is ent 
unevenly, or else because it is turned up 
too high. 

Q. Why doet a lamp siiOEE, when the 
WICK ie cut TTN EVENLY ? 

A. Because the points of the jagged 
edge project into the flame, where tlie 
supply of oxygen is not sufficient to 
consume ail the carbon. 

Q. Why docs a lamp smoke, when the 
wtCK M turned up too uiuiiP 

A. Because more carbon is separated 
from the wick, than can be consumed by 
the flame. • 

Why do not “ aboand BtruNEns” smoke? 
. A. Bec»iuse a cuirent of air passes 
through the viiildle of the flame ; in con- 
sequence of which, the carbort of the 
interior is consumed, as w'eli as that in 
the outer coaling of the flame. 
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’’Win ion a lamp-oiass DixnnaH \ko 
SMOKl tf<a lamp t 

A. 1st — Because it increases the 
supply of oxygen to tlie flame, by pro* 
duciQg a draught ; and 

Sndly — It concentrates and reflects the 
heat of the flame: in consequence of 
which, the combustion of the carbon is 
more perfect, and very little escapes 
unconsumed. 


CHAPTER VI. 

ANIMAL HEAT. 


Q. is the cause of aitim al hkat P 

A. Animal heat is produced by the 
combustion of hydrogen and carbon in the 
capillaiy vessels. 

Q. What are c^xThtAxr tkbsels ? 

A. Vessels as small as hairs running 
aJl over the body ; they are called capillary 
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&om the Latin vord ** eapillans*’ {liie a 
hair.) 

■ Do theta ojLtVLLtst tebsbls run all 
aver the ku^nan body T ■ ' 

A. Yes. Whenever hlooA flows froth 
4. wounA, some blood-vessels must be 
divided ; and, as you can bring blood from 
any part of the body by a very slight 
wound, these little vessels must run 
through every part of the human frame. 

Q. How do HTDROOEW gat and oabbon get 
mto theee very minute vesseltf 

A. The food we eat is converteA into 
hhoA ; and blood contains both hyArogen 
and carbon. 

Q. How doet coubustiob take place in the 
capillary vettelt T 

A. The carbon of the blooA combines 
with the oxygen of the air we breathe, and 
tbrms carbonic aciA gas. , 

Q. What beeomet of fhit CABBOBIO ACID 
US, formed in the human blood T 

A. The lungs tliruw off almost all of 
it into tlie air, by tlie act of expiration. 

Q. What OAS it generated in a common 
nsB la oouBunioB ? 
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A. ‘Carbonic acid gas, — fomed by ihe 
union of tlie carbon of fud with the 
sxtjgm of air. 

Q. What OAS w Ceneratti Av a lighted aus- 

01.K or LAMP ? 

A. Carbonic acid gas, — formed by the 
anion of the carbon of oil or tallow with 
the oxygen of air. 

Q. WhatutheeattteqfjaA.rintheAStiiixL 
■eystem t 

A. It is produced by a species of slow 
combustion in the body. 

Q. Does the bkat of the humab BOUT ariee 
prom the samx cause ae the heat of pike ? 

A. Yes, it does. The carbon of the 
blood combines with the oxygen of the air 
inhaled, and produces carbonic acid gas. 

Q. ^ animal heat ie produced hy cohbUS* 
TIOB, why does not the human body bubh up 
like a coal or candle f 

A. It actually does so. Every mus- 
cle, nei^'e, and organ of the body, wastes 
away like a butydiig lamp; and (being 
reduced to air and ashes) is rejected from 
the system as useless 
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Q. j^f every bone, mueele, nerve, -emi orynn 
it tkvt eontumed by eombuition, why it not the 
body entirely OiKSTTUSD P 

A. It would be so, unless the parts 
destroyed were perpetmlly renewed: but 
as a lamp will not go out, so long as it 
is supplied with fresh oil; neither will 
the body be consumed, so long as it is 
supplied with sufficient food. 

Q. What it the principal difference between 
the eombuetion of a fiub or lamp, and that of 

t^e HUMAN BOUX ? 

A. Ill the human body, the combus- 
tion is affected at a much lower tempera- 
ture; and carried on more slowly tliau 
in a lamp or fire. 

The Are of ono> body In not hotter than from 90 *o 104 degren. 
Thld hoot In, novprU.**lcaN, hutflcirnt lo burn some things. For 
example, n little piece o* phu-sphorus will iffuite, if it gets hj acci- 
dent undei the nail. 

Q. How is it that carhon can he made to hum 
at 90 LOW a temperature in the human body? 

A. Because the caibou in the blood 
is reduced to very minute particles, ready 
to undergo a rapid change immediately 
oxygen is supplied. • 

Q. When a man it siAS'^n what parts <ff 
the body go first t 
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A. first the fat, because it id the 
most combustible ; afterwards the mascles ; 
and then the man dies, like a ktm/ 
which is burnt out. 

Q. Whjf does want of sufficient KOUBisii 
MBKT often 'produce mal'Hess ? 

A. Because wliile tlie /a< and muscles 
of the body are consuming by animal 
combustion, the brain also is attacked; 
and disease is produced in it before it is 
finally destroyed. 

Q. Why does a man sn BiTfR. when stabtbd P 

A. Because tlie capillary fires feed 
upon the human body, when they are not 
supplied with food-fuel. A starved man 
shrinks just as a fire does, when it is not 
supplied with fuel. 

Q. What is the FUEi of the boot P 

A. Food is the fuel of the body. 
The carbon of the food, combining with 
the oxygen of (he air, evolves heat, in the 
same way that a fire or candle does. 

Q. Why is ETJEBT part of the boot wabm P 

A. Because 'the capillary vessels run 
through every part of the,human body, 

I » 
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and the combustion of blood talces place 
in the capillary vessels. {See p 86.) 

Q. does buniiiko make us warm ? 

A. Because we iuliule more air, and 
cause the blood to pass more rapidly 
through the lungs. Running acts upon 
blood in the capillary vessels, as a pair 
of helloics on a common fire. 

Q. Tf'hi/ does inhaling air BAPiOLV make 
the hoJg feel waiim ? 

A. Because more oxygen is introduced 
into the body. In consotpience of which, 
the combustion of the blood is tnore rapid, 
— the blood itself more heated , — and 
every part of the body is made wanner. 

Q. Whg does UAMoyroRK produce uvuta^-a? 

A. Because it produces quicker respi- 
ration; by which means, a larger amount 
of oxygen is introduced into the lungs, 
and tlie capillary comhnstion increased. 
Hunger is the notice, (given by our body' 
to remind us, that our food-fuel must be 
replenished. < 

Q. Why do want of exercise mid too abus^ 
dent feeding make men Jot or ill f 
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A. 'Because mure hydrogen aud car- 
bon are* taken into the blood than can 
be consumed by the respiration; tliese 
therefore, either turn to fat, or cause 
some disturbance in the system, which is 
called disease. 

Q. WJitf do siNoiNO and heabino aioou 
make ut'Jeel hungry ? 

A. Because they increase respiration ; 
and, as more oxygen is introduced into 
the lungs, our food-fuel is more rapidly 
consumed 

Q. T'f'^hg do we feel lets uckobt in the 
nyht, than in the day f 

A. Because we breathe more slowly 
during sleep ; therefore, less oxygen is 
introduced into tlie lungs, to consume 
our food- fuel. 

Q. Why do toe need wabM£B clothiito ly 
mouT, than by bay ? 

A. 1st — Because the night is gene- 
rally colder than the day: aud 

Sndly — Because we breathe more 
slowly :»lxi consequence of which, animal 
combustion is 'retarded, and our bodies 
are colder. 
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Q. Why done rzwvtm, when hot f 

H. Because the pores of the %Kin ard 
thrown open to let some of the fluids of 
the blood escape. 

Q. Why do persons feel lAET and averse to 

exercise, token they are ualf-started or iLirfBS P 

A. Because desire for muscular action 
ceases, when the body is not supplied with 
nutritious food. 

Q. Why havepersons, who follow UAiti) OUT- 
OT-1)OOB8 OCCUPATIONS, more APPETITE than 

those who are enyaged in seuentart pursuits? 

A. Because hard bodily labour in the 
open air catises much oxt/fjen to be conveyed 
into the lungs by inspiration ; the com* 
bustion of the food is carried on quickly; 
animal heat increased; and need for 
nutiitious food more quickly indicated 
by craving hunger. ^ 

Q, Why have persons, who follow bedir- 
TART PTTRsniTS, less AFPETITE than ploughmen 
and masons f 

A. 1st — Because the air they inhale 
is less pure, being deprived of some of its 
oxygen: and. 
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3ii(lly — TLeir respiration is neither so 
r^r so strong ; and, therefore, the 
combustion of their food is carried on 
more slowly. 

Q. Why do we liheetrong meat, and obeast 
food, when the weather is very cold 'i 

A. Because strong meat and grease 
contain large portions of carbon and 
hydrogen ; which produce a larger amount 
of heat (when burned in tlie blood) thau 
any kind of food, 

Q. Why do persons eat mode food in cold 
weather, than in hot T 

A. Because the body requires more 
fuel in cold weather, to keep up the sam 
amount of animal heat; and as we put 
more coals on a fire on a cold day, to keep 
our room warm, so we eat more food on 
a cold day, to keep our body warm. 

Q. i^hy does cold produce B0NQEB/ 

A. 1st — Because the air contains 
more oxygen in cold weatlier ; and, there- 
fore," fires bum more fiercely, and animal 
combustion is more rapid : and 

2ndly — As vte ai'e more active in cold 
weather our increased rei|piiation acts 
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UJei a pair of bellows on the iapillaiy 
combustion. 

Q. Whjf doet rapid dioxstioh produce m 
eranng appetite 7 

A. This is a wise provision to keep 
jur bodies in health ; hunger gives notice 
tiat the capillary fires need replenishing, 
n order that the body itself may not be 
consumed. 

Q. do we feel a deeire for activect 

tit <x)ld weather f 

A. 1st — Because activity increases 
the warmth of our body, by fanning’the 
combustion of blood : and 

Sndly — ^I'he strong food we eat creates 
a desire for muscular exertion. 

Q. are the Esqmmattx so paseionately 

fond qf TBAix ou, and wuale mluueeb ? 

A. Because oil and blubber contain 
lar^e quantities of carbon and hydrogen, 
which are exceedingly combustible ; and 
the heat of tlieir bodies is increased by 
the greasy nature of their food. ' 

Q. ‘ Why do we feel a dislike to etrong 
sduat and yroaiyjood in eery hot weather f 
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: ■ ' l^<AU8e Strong'. meRt and gmaMi 

ci>n.tam so much carbon , and hydrogen, 
that tliey would make us intensely wt ; 
we, therefore, instmctively refuse them 
in hot weather. 

Q< Why do tee like fsuits and TSOS* 
TABLES most in hot weather T 

A. Because they contain less hydrogen 
and carbon than meat; and, tlierefore, 
produce not only less blood, but blood of 
a less combuslihlc nature. 

Q. Why ia our blood of a lee* combustibu 
nature, if we live chi^y upon bbuxts and tbob- 
XA.BLE8 ? 

A. Because fruits and vegetables 
supply the blood with a ver}' large amount 
of water; which is not combustible, like 
the carbon and hydrogen of strong meat 

Q. Sow do fbuits and vxesTABnES oou 

the BLOOSf 

A. 1st — They diminish the amoun't 
of carbon and hydrogen in the blood, 
which ofe the chief causes of animal 
heat: and , 

2ndly — They supply the blood with a 
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large amount of water which ' exudes 
through the skin, and leaves the body cooL 

Q. Whjf do we feel LAZT oaJ averse to aeti- 
nitg in very hot weather f 

A. Ist — Because muscular activity 
increases the heat of our body, by 
quickening respiration : and 

Sndly — The food we eat in hot weather 
(not being greasy) naturally abates our 
desire for bodily activity. 

Q. Why do the inhahitanta ef TBOnOAl 
oouniriea live ehiefiy upon mice and fbuit P 

A. Because rice and fruit (by diges- 
tion) are mainly converted into water; 
and (by cooling the Mood) prevent the 
tropical heat from feeling so oppressive. 

Q. Why are the ill-fed instinctively averse 

to CLEANLINESS ? 

A. Because cleanliness increases hun- 
ger, which they cannot allay by food. 

The force of bod ba'oits, srlthoat doubt, liac more to do with thie 
result, thttu the sclentiflc fact mentioueii above. 

Q. Why does the frequent uae tf BATHS 
yeneralJy tend to improve health ? 

A. Because it keeps the pores of the 
body fru from obstruction : and promotes 
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A healthy perfonnance of the functions 
of the skin. 

Q. Why an very poob peoph itutinetively 

. ATZBSI to TBSTILATIOH f 

A. 1st — Because ventilation increases . 
the amount of oxygen in the air, — the com- 
hustion of food, and the cravings of 
appetite; and 

Sndly — Ventilation cools the air of t 
fvOm; to poor people, therefore, who are 
ill-clad, the warmth of an ill-ventilated 
apartment is agi'ecable. 

Q. Why are lirde hot-blooded ereatureef 

A. Because they breathe and 

the combustion of their blood is very 
rapid, from the abundance of oxygen 
inti’oduced into their bodies. 

Q. Why are children hotter than old people T 

A. Because t hey breathe more quickly ; 
and mor^ oxygen is introduced into their 
blood to supply tlie capillary fire. 

The heart beats more quickly in the yr than In the old The 
pulsations are often 140 in a minute in lutuuts ; and not more than 
70 in a minuto in the very aged. 

*Q Are beajib 'and SOBUIOX colder durvey 
^air winter eletjt t 
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'A. Yea. Because their breathing 
and circulation almost cease. 

For the nine reeeon thej ere ehie to diepcnee with food far m 
loogetime. 

Q. Why an rnoos, ftshes, bnakes, and 
JUKAUDB, OOLD-BLOODEO animals / 

A. Because they consume very little 
air; and, wiUiout a pleutiful supply of 
air, combustion is too slow to generate 
much animal heat. 

Q. Why u a dead body eohl f 

A. Because air is no longer conveyed 
to the lungs, after respiration has ceased : 
\nd, • therefore, animal heat is no longer 
yeneraUd by combtistion. 


CHAPTEll VII. 
MECHANICAL ACTION. 

I.— PERCUSSION. 

Q Sow is heat produced by luOBAmoAi 
Aoxwaf 

A. 1. — By Percussion. 2 — By Fri®. 
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tiOiL 8.-^By Oondensation. And 4. — 
By Electricity. 

feleotrtolty prodiioen heat mity when (t meetii with mime neerme- 
fipia When lu hirce uf motion ii arreeied, U ia oonvorted Intift 
another foroe called heat 

N.B. No force can CTcr be loet bat every foree may bo •han§$$ 
Into aome other. 

Q. What is meant hy veuctjssion ? 

A. Tlie act of striking ; as when a 
blacksmith strikes a piece of iron on his 
anvil with his hammer. 

Q. Why will BTitiiuMa iron make it red aor ? 
A. Because the force called motion 
is suddenly arrested, and shows itself in 
another form, called heat. 

Q. What EFFECT has heat on inanimate 
bodies f 

A. It pushes the particles of the 
body further apart from each other. 

Q. 6Hve an example, 

A. Liquid water is warmer than solid 
ice, and the particles of water are looser 
than those of ice. 

It le the name with eteain. Tbe puHclei of iteam are not oo 
eioaoly packed aa thow of water. 
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Q. How does thu apply to iron struck with a 
hammer f 

A. The blow being confined to the 
iron, spends its force in loosening the 
particles thereof, and this change oi 
state shows itself by increase of heat 

Q. How used blacksmiths to light thdr 
MATCHES, before the general use of lucifers / 

A. They used to place a soft iron 
nail upon an anvil, and strike it a few 
times with a hammer, when the point 
of the nail became sufficiently hot to light 
a brimstone match. 

Q. Why does striking a flint against a piece 
of STEEL produce a spark ? 

A. Because the force employed in 
giving the blow, is chauged from motion 
into heat. 

Q. How does this development of heat 
produce a spark, and set tinder on fre^f 

A. A very small fragment of the 
steel is knocked o f red liot^ and sets lire 
to the tinder on which it falls. 

Q. Why is it needful to keep blowing the 
TINDER with the brtath! 
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A. To increase the supply of tur, 
that the tinder may be furnished vith 
more oxygen to assist combustion. 

Q. Where does ths oxygen of the air com 
FBOM, which is blown to the liijhted tinder 1 

A. From the air itself, ivhich is 
chiefly composed of two gases { nitrogen 
and oxygen ) mixed together. 

FiTe gallon* of enmmnn nir eontnin nearly 4 of nttrngra» and I 
of oxygen mtjre/i together, but not chemically combined. 

Q. What is the use of oxygen gas to lighted 
tinder ? 

A. It supports the comhmlion of the 
tinder. Blowing lighted tinder carries 
oxygen to it and qvu kens it, in the same 
way as a pair of bellows quickens a dull 
Are. 

Q. Why do horses sometimes strike fire 
with their feet ? 

A. Because their iron shoes strike 
against the flint-stones of the road ; and 
very small fragments are knocked off red- 
hot, and look like sparks. 

Q. What makes time fragments bed-hot ? 

A. The conversion of the force of 
the kick into heat, another form of force. 
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CHAPTER Vin. 

2.— FRICTION. 

Q. What is meant by fbiction ? 

A. The act of nibbing two things 
together ; as the Indians rub two pieces 
of wood together to produce fire. 

Q. Ilow do the Indians produce fibs, hy 
merely rubhhi;i two pikces of dry wood ? 

A. They take a piece of dry wood 
sharpened to a point, and rub this point 
up and down a flat piece very quickly, 
till a groove is made. In a few minutes, 
the dust (collected in this groove) catches 
pre, 

Q. Why does the wood-dust catch fire by 
rubbing f 

A. Because the force employed by 
rubbing is converted into heat, and the 
heat produced is sufficient to ignite such 
uDsubstantial articles as wood-dust. 

The woods fn*- this purpose ere boxwood agalnit mulbo/tp, 

or fours/ egelnst pupior or iop. 
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Q. Why do CABBUOB whkeiiS tomtlwui 
catch fir ft 

A. Either hecanse they are too dry, 
or fit too tightly, or revolve very rapidly. 

Q. Why do wheeh catch firs in »uch cam f 

A. Because the force intended to 
produce motion is obstructed in its duty, 
and part of it is converted into heat 
instead. 

Q. What is the use of greasino irheels t 

A. It lessens friction. And as less 
force is required to overcome resistance, 
more of it is left to produce motion. 

Q. Why does rubbiko our hands anil fades 
ma/ce them feel warm ? 

A. 1st. — Because the force employed 

in rubbing is converted into heat ; 

2ndly — Because part of the force is 
communicated to the blood, and helps tc 
quickeih its motion. 

Q. Whm a man has been almost drowned, 
why is animation restored by RUBBrao ? 

A. 1st. — Because the force employed 
’in rubhing the body is converted into 
heat ; 
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2ndly — Because part of the foreo is 
communicated to the organs of the body, 
and gives them the needful fillip to set 
them in action again. 

Q. Why do two pieces of ice rubbed together 

IIELT ? 

A. Because force is employed in roft- 
hing the ice, and enough of the force is 
converted into heat to melt it. 

Q. How are forests sowetimes set on fire 
by friction ? 

A. The branches of contiguous trees 
rub against each other, and the force of 
the friction is converted into heat. 

Q. Why do carpenters' tools (such as gimlets^ 
saws^ files, dc,) become hot when med ? 

A. Because part of the force em- 
ployed is arrested by the resistance 
offered, and this part is converted from 
motion into heat. 

Q. Give an illustbation of this. 

A. When cannon is bored, the borers 
become so intensely hot from friction, 
that, if touched, they would blister the 
hand which touched them. 
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Q. Why do BOBEBB becotM sd inteimly hot t 

A. Because the resistance is Tery 
great, and much of the force intended 
for piercing is converted into heat 


8.— CONDENSATION or 
COMPRESSION. 


N.B. The reduction of matter into a smaller oompaM by any 
§xttmal or mechanical force, is called coupubmkion. 

The redaction of matter into a smaller compass by some inrsmol 
or Chemical force, is called condensation. 

Q. What is meant by coupressiom ? 

A. The act of bringing parts nearer 
together; as a sponge is compressed by 
being squeezed in the hand. 

Q. Can BEAT be evolved from common air 
merely by compression? 

A. Yes. If a piece of German tinder 
is placed at the bottom of a glass tube, 
and the air in the tube is compressed by 
a piston^ the tinder will catch fire. 

In a common syrlnffe ci!r squirt, the handle port (which centaOu 
the sttt'Asr, a^ iii <tircsd uo and down) is called the piston.'* 
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Ql Whj/ tpUl tht Under catch Jire! 

^ Because the forcd employed in 
DompreBBing the tinder, being suddenly 
arrested, is converted from motion 
into heat. 

Q. Why mil mall qaantltm of sulphur and 
chlorate of potash detonate when rubbed together 
in a mortar f 

A. Because the particles of the two 
substances are compressed so closely 
together, that their several chemical 
.ij/inities are brought into action. 

To "detonote’* Is to explode or bum with s sudden report 

Q. Why do DETONATING salt and powder 
iiZPLODE, on being rubbed or struck ? 

A. Because force is employed in 
rubbing or striking, and enough of it is 
changed into heat to ignite such explosive 
things as detonating salt and pQwder. 

Q. Why are shot and cannon balls heated 
hy beiry dweharged from a gun! 

A. Because they are compressed, 
and rubbed against the sides of the gun 
hy the explosion of the powder. 
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CHAPTER IX. 

EFFECTS OF HEAT. 

1.— EXPANSION. 

Q. WhatarethepnndpalKrncttqfntut 

A. 1. — Expansion. S. — Liquefac- 
tion. 8. — ^Vaporization, and 4.— Ig- 
nition. 

Q. Show that HE IT EXFA.VDB i.IB. 

A. If a bladder (partially filled with 
air) be tied up at the neck, and laia 
before a fire, the air will expand till the 
bladder bursts. 

Q. Whif will the iia swell, if the iladdet 
he laid hfore ajire t 

A. Lecause the heat of the fire will 
drive the particles of air apart from each 
other, and cause them to occufv more 
room than they did before. 

Q. Whu do unelit cuESTiruTB obeok with a 
loud noiee, when pnASTSD P 

A. Because tliey contmn a great deal 
of ail, wnich ia szpanded by tho heat of 
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ih% fire : and (not being able to escape, 
hxrsts violently through the thick rind 
slitHng it, and making a great noise. 

Q. What oeeariont tha hud obaoe or rapcrt 
whieh tee heart 

A. 1st — ^The sudden bursting of the 
rind makes a report; in the same way 
as a piece of wood or glass would do, U 
^pped in two ; and 

2ndly — ^The escape of hot air from the 
chestnut makes a report also ; in tlie same 
way as the escape of the gases formed by 
the explosion of gunpowder does. 

Q. Why doet the sudden bursting of the rind, 
or snapping of a piece of voood, make a kepobt ? 

A. Because a violent jerk is given to 
the air, when the attraction of cohesion 
is thus suddenly overcome: This jerk 
produces rapid undulations in the air, 
which (striking upon the ear) c^use the 
sensation of sound. 

Q. Why does the escape of air from the 
chestnut, or the exphshn of gunpowder, produce 
a BJSPOBT P 

A. Because the sudden expansion of 
the imprisoned air. produces a partial 
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▼aewun: The report is caused by t\ie 
rushing of fresh air to fill up this yacuuBi. 

Bee Thimder, p. ft. 

Q. If a OHESTHUT ht BLIT, it wUl HOT 
track ; why it this ? 

. A. Because the hjeatedL air of the 
‘ chestnut can then freely escape through 
, the slit in the rind. 

Q. Why doet an aptlb tplit and tpwrt 
about, when roatied? 

A. In some measure from the expan- 
don of air by heat ; but more especially 
because its juice is converted into steam. 

Q. How it the juice of an aptlb confined 
in the fruit f 

A. By being placed in numerous 
Hide cells (like those of an honey-comb) : 
Wheu the juice is converted into steam, 
it bursts through these cells ; and forces 
those pa^ which oppose it through the 
peel. 

Q. When an apple it boabtihs, why it one 
part made toji, white the reet remaint hardf 

A. Because the vegetable matter of 
the part nearest 'the fire is cooked by the 
sieom of the hot juices : and where 
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tlti9 heated air and steam break through 
and escape, the apple collapses 'and be- 
comes soft. 

Q. Whatis truant by the “apph oollapsino ? ” 

A, It means that the plumpness gives 
way, and the apple becomes flabby and 
shrivelled, 

Q. Why do spases of fire start {with a erach- 
Ung noise) from pieces of wood laid vpon a fibk ? 

A. Because the air (expanded by 
heat) forces its way through the pores of 
the wood ; and carries along with it the 
covering of the pore, which resisted its 
passage 

The couyereloii of the fibre of the interior parts into com- 

busiible gaaes, contributua to this effect. 

Q. What is meant by the ** pores oJ the wood ?” 

A. Very small holes in the wood, 
through which tho sap circulates. 

Q. What are the sparks o/ jircg which 
hurst from the wood ? 

A.' Yery small pieces of w6od made 
red-hot, and separated from the log by 
the force of the air, when it bursts from 
its confinement. 

Why does D8ai> make more snapping 
than any other mod t 
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A. Because the pores of deal ire 
very large, and contain more air than 
those of wood having a closer grain, 

Q. Why does obeek wood make lest ttugt~ 
finy than dry ? 

A. Because the pores cgntain less 
air, being filled with sap. 

Q. Why does dbt wood make more snap- 
ping than green P 

A. Because the sap is dried up, and 
the pores are filled with air instead. 

Q. Why does drt wood BUBir more eaeify 
than green or wet woodf 

A. Because the pores of green or 
wet wood are filled with moisture, which 
extinguishes flame ; whereas the pores 
of diy wood are filled with air, which 
supports combustion. 

Q. Why does HOISTDBE extinguish flame t 

A. 1st — Because it prevents the 
carbon &nd hydrogen of the fuel from, 
uniting with the oxygen of the air, to 
form carbonic acid gas and water : and 

2ndlj — Because heat is perpetually 
carried off, 1 ;»y the formation of the sap 
into steam. 


fc s . ' 



119 


EXTECTS OF HEAT. 


f 

Q. Why do BTOmca ttuy) tmdjly about, whom 
boated in l^firot 

A. Because the close texture of the 
stone prevents the hot air from escaping ; 
in consequence of which, it hursts forth 
mth ffreat violence, tearing the stone to 
atoms, and forcing fragments into the 
room. 

Probably aome part of tbia eflbet fa daa to the aetting free of tbt 
UHbttr of erystallization, 

Q, * When bottled ale or porter ie set hrfon 
afire, why ie the cork forced out sometimeei 

A. Because the carbonic acid of the 
liquor expands by the heat, and drives 
out the cork. 

Oarbonlo acid gna ia a aararound of carbon and oxygen. All fer- 
mented Uquora cuntuia tiuire or leaaof carbonic acid goa; bottled 
ale or porter a largo quautity. 

Q. Why does ale or porter PBOTjff more^ 
ifier it has been set before a fire f 

A. Because the heat of thq fire sets 
free the carbonic acid; which is entangled 
as it rises through the liquor, and pro* 
duces bubbles or froth. 

Q. TVhen a hoy mahee a bauoov, and eete 
fire to the cotton or eponye {which hae been eteeped 
m etfirits tf wieyi), why it the balloon ivvLATxn^ 
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A. Because the air of the balloon is 

expanded by the flame, till eveiy part is 
inflated and the paper made smooth. 

Q. Why ioet the balloon BUi, qfter it hae 
been ii^lated by the expanded air T 

A. Because the same quantity of aii' 
is expanded to three or four times its 
original volume; and made so much 
lighter, that even when all the paper, 
wire, and cotton arc added, it is still 
lighter than common air. 

The bnltoon ascends in oonseqnenee of the pressnre from beneath 
of the heavier coU air hy whicn it is surrounded. In the same way 
as the hot air in a ohiinncy. 

Q. Wh^ does a smoke-jaok turn round in 
a chimneul 

A. Because the current of hot air up 
the chimney (striking gainst the oblique 
vanes of the smoke-jack) drives them 
round : as wind drives round the sails of 
a mill. • 

Q. Which EXPAND the most under the same 
DEOBEE o/heat^-gases^ liquids^ or solids f 

A. Gases: all of which expand in 
the same ratio from heat. 

Q. What ^degree of ejpansion in gases is 
eau^ hy heat^ 
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A. 481 degrees of heat will make a 
volume of gas twice as large ds it was 
before. 

Q. Wliat is the difference between a vapoub 
und a OAS P 

A. A VAPOUB is an elastic aeriform 
fluid, which may readily be converted 
into a liquid or solid merely by change of 
temperature. 

A OAS is an elastic aeriform fluid, 
which cannot be made to change its 
state, except by the application of 
artificial pressure and intense cold. 

CarboLu add gas haa even been oonverted Into the solid form by 
the tise or Uicsc means. 

The vapour produced by the boiling of water is called afeam. 

Q. What would gases be at teut low tem^ 
peratures / 

A. All gases would probably be 
liquid at extremely loio temperatures; but 
the most intense cold hitherto artificially 
produced, has not been sufiicient to re* 
duce some of the gases to a liquid state. 

Gaaea which cannot by our present means be brought Into the 
liquid form, are called ** permanent^** to distingniyh them from 
vapours. 

Q. Whg are some things solid, others 
LIQUID, and others gaseous? 
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A. Because the particles which com* 

pose some things are nearer togetliei 
than they are in others. — Those in which 
the particles are closest are solid ; those 
in which they are furthest apart are 
(jaseous ; and ^e rest liquid. 

Q. Whif does heat change a 801.ID {likeiee) 
first into a atui then into a oab r 

A. Because it drives the component 
particles further asunder ; hence a certain 
quantity of heat changes solid ice into a 
liquid, — and a further addition of heat 
changes the liquid into steam. 

Q. Why does voter bimheb hfore it boUs t 

A. Because the particles of water 
near the bottom of the kettle (being formed 
into steam soemer than the rest) shoot 
upwards: but are condensed again by 
the colder surface of the water, and pro- , 
duce what is called “ simmering.” 

Q. What is meant hy bimmebiko P 

A. A gentle tremor or undulation on 
the surface of hot water. When water 
simmers, the bubbles collapse beneath the 
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turface, and the steam is condensed to 
water again; hnt when water boUs, the 
bubbles rise through the surface, and the 
steam is thrown of. 

Q. Why does a ebttlc rifo, when the 
water eimmer* f 

A. Because the entangled air escapes 
by Jits and starts from the surface of 
ihe water; producing the noise called 
“ singing.” 

Q. Why does box a kettle siKO, when the 
water boils T 

A. Because all the water is boiling 
hot ; so the steam escapes in large quan* 
tities from the entire surface, and not by 
Jits and starts. 

Q. When does a kettle sing most ? 

A. When it is set on a hob to boil. 

Q. Why does a kettle stbo hose, when it 
is set on the side of a fire, than when U is set in 
the MIDST of afire T 

A. Because tlie heat is applied tm- 
eqmUg, and one side being made hottei 
than the other, the water takes longer 
time to boil. . 
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Q. Why doe$ a kxttis tinj, niken 
hoUittg water hegint to cool again? 

A. Because tlie upper surface cools 
first; and the steam (which rises from 
the lower part of the kettle) is again 
partially condensed, and escapes by fils 
and starts. 

Q. Wig doet boiliits water increase in 
hulk? 

A. Because it is expanded bij the heat : 
i.e. — ^The heat of the fire drives the 
particles of vr&ter further apart from each 
other : and (as they are not packed so 
tlosely together) they take up more room, 

Q. What ie meant when it ie said, “that 
HBAT drives the fabtioles of water ^/rtitr 
AFABT from each cither ? ” 

A. Water is composed of little glo- 
bules, like very small grains of sand: 
the heat drives these particles apart from 
each oth*er, and (as they then require'* 
more room) the water increases in bulk. 

Q- Why does boiling water bubblb ? 

A. Because the heated air and vapour 
(rising through the water) force up bob- 
bles in their effort to escape. 
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' Q. Why does a kettls sometimes bqjl otbb ? 

A. Because the water is expanded hy 
\eat : if, therefore, a kettle is filled with 
cold water, some of it must run over, as 
soon as it is expanded by heat. 

Q. ^ut I have seen a kettle boil oveb, 
although it has not heen filled BULL of water ; 
how do you account for this ? 

A. If a jire be fierce, the air and 
vapour are expelled so rapidly, that the 
bubbles are very numerous; and since 
tliese carry portions of the water with 
them, some of it runs over. 

Q Why is a pot (which was full to otik- 
FliOWiiro, while the water was boiling uot) not 
ruE.!., after it has been taken off ' Vie fire for a 
short time f ' 

A. Because (while the water is boil~ 
tng) it is expanded by the heat, and fills 
the pot even to overflowing ; W, when 
.it becomes cool, it contracts sgain, and 
occupies a less space. 

The cooling of the water prcvcnte any fturther eccape of steam ; 
and the generation of steam is one cause of the expansion of hot 
water. 

Q. Why does the water of a eettlx same- 
times run out of the bfout when it boils P 

A. Because when the lid fits tightly, 
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the steam cannot lift it up and escape^; 
being confined, therefore, in the kettle, 
it presses on the water and forces it out 
>f the spout. 

Q. What eautet the uattlino koibx, qften 
■made by the lid of u saucepan or boiler f 

A. The steam (seeking to escape) 
. forces up the lid of tlie boiler, and the 
weight of tlie lid curries it back again ; 
this being done frequently, produces a 
rattling noise. 

Q. If the steam could xot lift up the lid 
qfthe holler y how would it escape t 

A. If the lid fitted so tightly, that 
the steam could not raise it up, the 
.boiler would burst, and the consequences 
might be serious. 

Q. ' When steam pours out from the spout of 
a leettle, the btkeau begins apparently half an 
iNCn off the SPOUT ; why does it not begin CL08N 
tothespou^f 

A. Steam is really invisible ; and the 
half-inch (between the spout and the 
** stream of mist") is the real steam, before 
it has been condensed by the air. 

Q. Why isf not axl the stsam intisibue, 
Of weU at that half-inch t 
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' A. Because the invisible particles are 
condensed by the cold air; and, rolling 
one into another, look like mist. 

Q. What BECOMES qf the steam, for it 
toon vmithetf 

A. After it has been condensed into 
mist, it is dissolved by the air and dis* 
persed abroad as invisible vapour. 

Q. And what becomes <f the invitiblo 
oapowrt 

A. Being lighter than air, it ascends 
to the upper regions of the atmosphere, 
where (being again condensed) it contri- 
butes to form clouds. 

Every portion of the atmosphere contains more or less invisilile 
vapour, varying from day to day with the state of the weather. 

Q. Why dost a metal spoon (le/i in a 
eanoepan) betabs the process of boiling t 

A. Because the metal spoon (being 
an excellent conductor) carries off the heat 
from the water; and (as heat ^ earned 
oS by the spoon) the water takes a 
longer time to boil. 

Q. W^ will a pot (filled with water) KETxk 
BOIL, when immersed in another vessel full of 
water aleof 

A Because water contained in an 
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r i vessel can never be heated ab<m 
boUing point; all the heat absorbed 
by water after it hoUs, is employed ht 
generating steam. 

Q. How does the eonversion of water into 
steamy prevent the iknsb pot from boiling i 

A. Directly the water in the larger 
pot is boiling not (or SI S°,) steam is formed 
and carries off some of its heat ; therefore, 
SIS degs. of heat can never posj through 
it, to raise the inner vessel to boiling heat^ 

Q. Why do SUOAB, SALT, ^e., betabd the 
procett of boiling t 

A. Because they increase the detisity 
of water; and whatever increases the 
density of a fluid retards its boiling. 

Q. Jf you want water to boil without coming 
in eontaet with a sauobpab, wlutt plan must be 
adopted? 

A. We must immerse the pot (con- 
taining the water to be boiled) in a sauce- 
pan containing strong brine or sugar. 

Q. Why woidd the innbb veieel boil if the 
OUTEB veeeel contained strong bbise ? 

A. Because brine will not boil, till it 
is raised to S18 or S30 deg<t Tiiarefore, 
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2f2 of. heat may, easily pa^ through 
it, to raise the vessel immersed 'in it te 
boUing heat. 

Q. TVhj/ will ifine impart to another vene, 
HOBS than 212o, and water not bo UUCH P 

A. Because no liquid can impart so 
high a degree of heat, as its own boiling 
temperature : As water boils at 212®, it 
cannot impart 212® of heat: but, as brine 
will not boil witlrout 218® of heat, it can 
impart enough to make water boil, 

Q. Whtf can liquids impart no bztba heat, 
after they hoUT 

A. Because all extra heat is spent in 
making steam. Hence water will not boil 
a vessel of water immersed in it, because 
it cannot impart to it 212 degs. of heat; 
but brine will, because it can impart more 
than 212 degs. of heat, before it is itselj 
converted into steam. ^ 

Eilier boiUi at about • Wdepi, SmpboilKat . • HXldefft 

Alcohol • . .176 „ Oil of turpentine . 316 „ 

Water . . .219 „ Sulphuric acid • . 472 .. 

Water, irith one-flfth Linseed oil • • 640 .. 

■•It . . . ,210 „ Merouiy . . . 662 „ 

Any liquid which boils at a lower deeree can be to boil, if 

taamersed in a liquid which boils at a hipher degree. Thus a eiqp 
ef other can be made to boil in a saucepan of leafer. is cop of 
waUr^ in a saucepan of brino or oyrup, 'Batueopof water will 
mot boil, if immereed in efher; nor a oap ofeyn^ in isafsr. 
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Q. Why ere eloudt hioheb on a fine day f 

A. Because they are lighter, and 
more buoyant. 

Q. Why are clouds iiaunn on a rm day f 

A. 1st — Because the vapour of the 
clouds is less condensed ; and 

Sndly — The air itself (on a fine day) re- 
ains more of its vapour in an invisible form. 

Q. Why it a ovv put invebteo into ajruU 

pief 

A. Its principal use is to hold the 
crust up and prevent it from sinking, when 
the cooked fhiit gives way under it. 

Q. Doee not the cup fbevent the fruit of 
the pie from ■aowasa 

A Mo ; it will rather tend lo make 
it boil over, as there will be less room 
in the dish. 

Q. Explain this. 

A. ^ oven, 

the air in the cup will begin to expand, and 
drive every particle of juice from under 
It ; in-,0onsequence of which, the pie-dish 
will ha^e a cup-full less room to hold its 
fruit in, than if the cup were taken out. 

SooM of tho hooted lir If drlvon from fte enp, oiid ofoapei te 

M 9 
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bubUts Uiroaga the Jnicbt and oat of the pie eltogetheK. The p!ee» 
•f this is occupied by Juloe when the pie ooola. 

Q. the juiee it driven ovt of the eup , 
vih^ it the oup alaayt pvll qf juice, when the 
pie it cut up t 

A. Because immediately the pie is 

draion,” the air in the cup begins to 
contract again, and occupy a smcUler space . 
and as the cup is no longer full of air, 
juke rushes in to occupy the void. 

Q. Why doet juiee ruth into the cup, when 
the eap it kot ptru of Ais ? 

A. Because the external air presses 
upon the surface of the juke, which rushes 
imobstructed into the cup: as mercuiy 
rises through the tube of a barometer. 

N.B.— Since the juice of the pie runs into the cap, as aoon aa It ia 
taken out of the oven, the cup presents the Juice from being 
aocr th§ ertut, when the pie is carried about from place to place, 
iJthoagh It does not prevent the fruit from boiling over. 
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EXPANSION FROM HEAT. 
(Continued.) 

Q. Iket heat eapaad every thing sub. 
hetidee air and^waterf 
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A. Yes : every thing (that man* is 
acquainted with) is expanded by heat. 

Q. Whf does a coopsb heat his hoops 
BED-HOT, leken he puts them on a tub ? 

A. 1st — As iron expands by heat, tho 
hoops will be larger when they are red- 
hot : in consequence of which, they will 
fit on the tub more easily : and 

2ndly — As iron contracts by cold, the 
hoops will shrink as they cool down, and 
girt the tub with a tighter grasp. 

Q. Why does a wheelwright make the 
iron hoop or “tire" bed-hot, which he fixes on a 

WHEEL ? 

A. 1st — That it may fit on more 
easily; and 

2ndly — ;That it may girt the wheel 
more tightly. 

Q. Why will a wheelwright’s hoop fit the 
wheel HOBS £A3iL'X,yDr being made bed-hot S' 

A. Because it will be expanded by 
the heat ; and (being larger) will go on 
the whe{il more easily. 

Q. Why will the hoops, which have been 
put on HOT, gibt the wheel more pxbult t 

i M » 



1S6 


EFFECTS OF BEAT. 


*A. Because they will shrink as they 
cool ; aud, therefore, girt the wheel with a 
tighter grasp. 

Q. Why doe% a BTtiTE makt a crackling 
NOISE, when afire is very hot f 

A. Because it expands from the heat; 
and the parts of the stove rubbing 
against each other, or driving against 
the bricks, produce a crackling noise. 

Q. WJty doee a stove make a similar crack* 
LINO NOISE, when a large fire is taken down P 

A. Because it contracts again, when 
the fire is removed ; in consequence of 
which, the parts ntfe against each other 
again, and their connection with the 
biicks is again disturbed. 

Q. Why does the plaster round a stove 
CRACK and fall away f 

A. Because (when the fire is lighted) 
the iron-work expands more (ban the 
hrick-work and plaster, and pushes them 
xway ; but (when the fire is put out) the 
metal shrinks again, and leaves the 
“ setting” behind. 

The ** lettiiif ** Is a technical word Ibr the plaster, Ac., in imne- 
dhue contact with the stove. 
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Q. Wijf doet the flaxter yaix away P “ 

A. As a chirik is left (between the 
“setting” and the stove), the plaster 
will frequently fall away from its own 
weight. 

Q. What OTHEB caute eontribwtet to bbibs 
the TLASTISB DOWN ? 

A. As the heat of the fire varies, the 
size of the iron stove varies also ; and this 
expanding and contracting keep up such 
a constant disturbance about the plaster, 
that it cracks and falls off. 

Q. Why does the uebcvbt of a thbbkomi- 
TBB BISE in hot weather T 

A. Because heat expands the metal, 
which (being increased in hulk) occupies 
a larger space ; and, consequently, rises 
higher in the tube. 

Q. Why is a olasb bboaen, when hot 
WATEB it poured into it ? 

A. Because the inside of the glass 
is suddenly more expanded h^ the ha 
water tium the outside; and in conse* 
quence of this unequal expansion tlie 
glass snaps 
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* Q. M the oxrTsrBii* of the glMe 

0xpanded hg hot water, ae much a» the,iseiDX ? 

A. Because glass, is a bad conductor 
of heat, and breaks before the heat of the 
inner surface is conducted to the outside. 

Q. Whgdoee a fflass map, because the tsttZB 
■swrfaee is hotteb than the outbb ? 

A. Because the inner surface is 
expanded, and not the outer : in conse- 
quence of which, an opposing force is 
created which breaks the glass. 

Q. Whg is a china cup broken, if hot 
W iiTEB be poured over it, or into it f 

A. Be6ause china is a bad conductor ; 
and (as the inner surface expands from 
the heat more than the outer,) an opposing 
force is created, which breaks the cup. 

Q. If a glass beaker be set on a warm HOB, 
whg does the bottom come off ? « 

A. Because glass is a bad conductor ; 
and (as the bottom, of the glass expands 
from the warmth of the hot 8to\e, before 
the sides are heated) the two parts separate 
from each other 
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CHAPTER XI 

2. — LIQUEFACTION. 

3. — VAPORIZATION. 

Q. What it meant hy uquxt^CTIOH F 

A The conversion of a solid into a 
’ liquid by the agency of heat : as solid 
ice is converted into water by the heat 
of the sun. 

Q. Why it iee hbi.tbj> by the hbat ^ the 
SUIT? 

A. Because the heat of the sun forces 
its particles asunder ; till their . attraction 
of cohesion is sufficiently overcome, to 
convert the solid ice into a liquid. 

See p. lU. 

Q Why are ketalb ubltbs by the heat 

tf TIBB? 

A. Because the heat of the fire forces 
their particles asunder ; till their attrac* 
tion of cohesion is sufficiently overcome, 
to convert the solid metal into a liqmd. 

Q. Why it '^ATBB eonverted into btbau fy 
the heat if the bibb ? 

A. Because the heat .of the fire 
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Separates its globules into ve^ mvnute 
bubbles ; which (being lighter than air) fly 
off from the surface in the form of steam. 

Q. Whg doet not wood icelt like metal t 

A. because the heat of the fire 
decomposes the wood into gas, smolce, and 
ashes; and the different parts separate 
from each other. 

Q. What it meant ly tafobiza.tion' ? 

A. The conversion of a solid or liquid 
into vapour : as snow or water is con- 
verted into vapour by the heat of the sun. 

Q, What are oIiOUds ? 

A. Moisture evaporated from the earth, 
and again partially condensed in the upper 
regions of the air. 

Q. What it the diffirence between a FOO 
and a cloud ? 

A. Clouds and fogs differ qnly in one 
respect. Clouds are elevated above our 
heads : but fogs come in contact with the 
surface of the earth. 

■ Q. Why do elovdt ixoat to readily in the 
tdrr 

A. Be^a^se they are composed of 
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verif miniUe globtdes (calleti ves’cicles); 
Avhich (being lighter than air) float, like 
soap hubibles. , . 

Q. Whf, doet TAPOUB sometime* form into 
OLOUBS, and sometimes rest upon the earth as 
uisT or roe P 

A. This depends on the temperature of 
.the air. When the surface of the earth is 
wanner than the lower air^ tlie vapour of 
the earth (being condensed by the chill 
air) becomes mist or fog. But, when the 
lower air is warmer than the earth, the 
vapour rises through the air, and becomes 
cloud. 

Q. Are abl clottds alikb P 

A. No. They vaiy greatly in density, 
height, and colour. 

Q. Whtd is the chief cause of fog amd clouds ? 

A. The changes of the wind. 

Many loeai drcumstancea alao fitToar the formatioii of oloada. 

Q. &OW can the chahobb of the wind 
ttffhet the obobbs ? 

A. If a cold current of wind blows 
• raddenly ever any region, it condenses the 
invisible vapour of the air into cloud or 
ram; but if a warm current of wind 
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blows orer any region, it di^erses the 
donds, by ahsorlmg the vapour. 

Q. What eouniriet are the most eloudff f 

A. Those where the winds are mo»t 
variahU, as Britain. 

Q. What eouatriee are the JSAST eloutfy f 

A. Those where the winds are least 
oariahle, as Egypt. 

Q. What DI8TAKCX are the otovoB Jhm 
the SARTB? 

A. Some thin light clouds are elevated 
above the highest mountain top ; some 
heavy ones touch the steeples, trees, and 
even the earth : but the average height 
is between one and two miles. 

N.B.>-Streak7 oorling clouds like hair, are often 5 or 9 miles high. 

Q. What clouds are the lowest ? 

A. Those which are most highly elec- 
trified : lightning clouds are rarely more 
than about 700 yards above the ground ; 
and often aictumly touch the earth with 
one of their edges. 

Q. What it the Bizv the CLOWS? 

A. Some clouds are 80 square miles 
in surface^ |nd above a mile in thickness ; 
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while others are only a few yards or 
inches- * 

Q. X[ow can persons ascertain the thick- 
HSBS of a cloud f 

A. As the tops of high mountains are 
genferally above the clouds, travellers may 
pass quite through them into a clear blue 
.’firmament ; when the clouds wU) be seen 
beneath their feet. 

Q. What prodtieea the great vabistt in the 

qfthe clouds? 

A. Three things: 1st — ^The cause 
and manner of their formation : 

2ndly — ^Their electrical condition : and 

3rdly — Their relations to currents of 
wind. 

■ Q. Wow can slecxsicitt affect the bhatb 
tjf clouds? 

A. If one cloud be fxM of electricity 
'and another not, they will be attracted 
^ to each bther, and either coalesce, — 
diminish in size, — or vanish altogether 

Q. W HA.T clouds assume the most tabtabtio 
shapes? 

A. Those that are the most highly 
'dectrified. 
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Q. Wha ^ect have wnrsB on the BSm 
of eloudtf • 

k. ■ They sometimes absorb them en- 
Hrely : sometimes increase their volume 
and density; and sometimes change the 
position of their parts. 

Q. Sow can winds a.bsobb clouds altogether f 

A. Warm dry winds will convert the , 
substance of clouds into invisible vapour, 
which tliey will carry away in their own 
current. 

Q. Sow can winds incbeasb the bulk and 
density of clouds t 

A, Gold currents of wind will con- 
dense the invisible vapour of the air, and 
%dd it to the clouds with which they come 
m contact. 

Q. Sow can winds CHA.NaE the shape <f 
elouds, by altering the position of their parts T 

A. Clouds are so voluble and light, 
that every breath of wind changes the 
position of their ves'cicles or bubbles. 

Q. What are the general coeocbs of the 
eloudef 

A. Wliite and grey; when the sun is 
above the horizon : but red, orange, and 
yellow, at suji-rise and sun-set. 

Th » tin# 4% ii aol fiioyd u «U. 
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Q. Why are the i^st ehade qf eeeniny 
yenerailly of a BED tinye f 

A. Because the red rays, being less 
refrangible than the yellow or blue rays, 
remain longest in sight, as the surface 
of the earth turns away from the sun. 



Ererj beam of light ia cumpoeed of three ooloured rays, bliM» 

S Uow, and red. As the beam paeseB through the atmosphere A, 
CHe arc separated from each other : the blue being drawn most 
down, the yellow next, and the red least. As the earth with iu 
olouds and atmosphere turn round the pdle P, in tbe direction 
A C D, any giTen cloud would puss first under the blue rays at 
B, then the yellow rays at Y, and then the red rays at K ; and be 
timaed by their respective colours. An observer placed at £, Jnet 
aa be was turning mto darkness towards C, would see tbe douds 
tinged red at R, resting upon tbe western horizon. 


Q. Why are the eablt mommy eloudt yme- 

rally VKaf 

A. Because the red rays, being less 
refrangible than the yellow or blue rays, 
come soonest into sight, as the surfi^ 

s 


of the harth toms mto daylight. 
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BupnoM the eertii to be turning in the direction DC A. Then 
Miy given cloud tvould come liret into the light of the red ra]^ 
end the obecrver at £ wouid eee it so tinged on the eastern horisont 
Jost M he was coining into daylight. 

Q. Whatittheeaiueofv^OKSTsarwiuQwt^ 

A. Some of the rays of light which 
stfike the top of the atmosphere, are 
bent down while the sun is ‘‘till invisible 
beneath the horizon. 

Q. What it the cauteofvTESVsa twilight ? 

A. Some of the rays of light which 
strike the top of the atmosphere, are bent 
down, when the sun has sunk out of 
sight beneath the horizon. 

Q. Why is not the colour of elotuls always 

AUKB? 

A. Because the condition of the 
atmosphere is continually varying, as also 
the size, density, and relative position of 
the clouds with regard to the sun: so 
that sometimes one colour is«reflected, 
and sometimes anot^^r. 

Q. What regulates the hotioh of the clouds T 

A. Principally the m'wds; but some- 
times dectricity influence their mo* 
lion also- 
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Q. J3bi0 io you know that elouda nunm by 
OTHEB infiueneet betide* wivd ? 

A. Because (in calm weather), we 
often see small clouds meeting each other 
from opposite directions. 

Q. How do you know that xleotbioitt 
effects the motions of the clouds 7 

A. Because clouds often meet from 
opposite directions ; and, having dis- 
charged their opposite electricities into 
each other, vanish altogether. 

Q. Into how many clarbes are the different 
eorts of cloude generally divided t 

A. Into three classes : — viz. Simple, 
intermediate, and Compound. 

Q. How are biufle clouds sub-divided f 

A. Into 1. — Cirrus; 2. — Cum'ulus; 
and 8. — Stra'tus clouds. 

Q. What sort cf clouds are called cniBUS ? 

A. Ck)uds like fibres, loose hair, dr* 
ikin streaks, are called “ cirrus clouds.” 

Q. Why are these clouds called cibbub f 

A, Prom the Latin word cirrus (“ a 
lock of hair, or curl”) : Cirrus clouds are 
the most elevated of all. 

u a 
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Q. What do oiBEXTB elouda pobtbkd P 

A. Fine weather. Whenever cirna 
clmds appear, there is but little moisture 
in the air, and this is only slowly con- 
densed in the higher regions of the 
atmosphere. 

Q. What tort qfctoudt are nailed CVWVhva? 

A. Cum'ulus cloud are lumps, like 
great stigar loaves, — volumes of smoke , — 
or mountains towering over mountains. 

Q. Why are thete monster massea called 
cuM'vt.Tr8 clouds f 

A. From the Latin word cum’ulus 

a mass or pile.”) 

Q. What do CTTM'ULUB clouds rOBESBOW ? 

A. When these piles of cloud are 
fleecy, and sail against the wind, they 
indicate rain ; but when their outline is 
very hard, and they come up wiOi the 
wind, they foretell fine weather.* 

Cum'ulas cloadi should be tmalter towards evening thui they 
are at noon. If thev increase in um at sun-set, a thunder storm 
may be expected in the night. 

Q. What sort of clouds are eaUed^inxTve} 

A. Creeping mists, especially preva- 
lent in a sunders evening : these clouds 
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rise at sun-set in low da^p places ; and 
are always nearer the earthy Uian any 
other sort of cloud. 

Q. Whyareihe»emUUeaUeivsjU!tvsdwitf 

A. From the Latin word stra'tus 
(“ laid low,” or “ that which lies low.") 

Q. What produce oibbub eloudet 

A. Moisture in a visihie form, de> 
posited in the higher regions of the 
atmosphere from ascending cwrrents of 
heated air. 

Q. What produce CxruVhVB eloudtf 

A. Masses of visible vapour passing 
from the places where they were formed^ 
t.o other places where they are about 
to be either dissolved, or aeposited as 
falling rain. 

Q. What produce btbatub eloude T 

A. £|pds of visible moisture, formed 
by some chilling effects, acting along the’ 
direct surface of the earth. 

Q. ^ow are the niTBBiaDiATX ehuie eub~ 
divided f 

A. Into two sorts. 1.— The Cirro- 
Cumulus; and 2. — ^The Cirro-Stratus. 
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Q. W%at ore ciBiio-oxnm.VB elouit f 

A. Cirro-Cumulus clouds afre cirrus 
clouds springing from a massy centre; or 
heavy masses, edged with long streaks, 
generally called “ mares’ tails.” 

A system ottmall round eloads may be called clmMmm'alus. 

Q. What do oibbo - cvm'vlus eloudt gene- 
redly fobedode ? 

A.- Continued drought, or hot dry 
weather. 

Q. What are otBBO-STOA'TUB ehude f 

A. They compose what is generally 
called a **mackarel sky.” This class of 
clouds invariably indicates rain and wind ; 
hence the proverb — 

** Maokareln* scales and mares* tails 
Make lofty ships to carry low sails.** 

Q. What produce cibeo - cttm'ihub eloudt f 

A. Cwnvlus clouds dissolving away 
into cirrus produce the intermediate class, 
called cikro-cum'ulus. 

Q. What produce cibbo - btba'tub eloudt? 

A. (Jifnis clouds accumulating into 
denser , masses produce the intermediate 
class, ealled cibbo-stratus. 

Q. Haw tyv ooutound eloudt tub-divided? 
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A. Compound clouds are sub-divided 
into 2 softs. 1 . — ^The Cum'ulo-Stra'tus ; 
and 2. — ^The Nimbus clouds. 

Q. What u meant hy ouu*in:iO>STaATV8 
cloudi f 

A. Those clouds, which assume all 
sorts of gigantic form; such as vast 
' towers and rocks, — huge whales and 
dragons, — scenes of battles, — and cloudy 
giants. This class of clouds is the moat 
romantic and strange of all. 

Q. What do the oiTUiTi.o-BTBi.TirB ehude 
rOBETEU ? 

A. A change of weather ; either from 
fine to rain, or from rain to fine. 

Q- What are itiubos chmde T 

A. All clouds from which rain falls. 
Nimbus is the Latin word for *^clovds 
which bring a storm." 

Q. 3g what particular character may the 
BiUBira (or rain-cloud) he at once distinguished t 

A. By the want of a defined outline : 
Its edge is gradually shaded off from the 
deep grey mass into transparency, 

Q. What AlFTXiRiKcx fakes place ^ the 
clouds at the approach or Biui 7 
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A. The eum'ulus cloud becomes 
tiomry, and cirrus streaks settle upon it, 
forming cum'ulo-stra'tus clouds; hlack 
at first, but afterwards of. a grey colour. 

Q. Why do elouda gather round hottntaiit > 
TOPS P 

A. Because the air (being chilled by 
the cold mountain tops) deposits its 
vapour there, in a visible form or cloud. 

Q. What are the uses of ciiOCDS p 

A. 1st — ^'Ihey act as screens, to 
arrest the radiation of heat from the. 
earth ; 

Sndly — ^They temper the heat of the 
sun's rays ; and 

Srdly — ^They are the great store-houses 
of rain. 

** Radiation of heat,** he. the escape of heat, when no ctmduttm 
oarrics it awajr. 

Q. Why is mnd %aid to blow up the clouds f 

A. Because a dry warm wir d (which 
has travelled over seas) having absorbed 
a large quantity of moisture, deposits 
some of it in the visible form of clouds, 
as soon as it reaches a coUer region of 
air. 
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Q. Whjf don 'wi»s umetimea sitiyx awat 
the eloudef 

A. Because it has travelled over dry 
climes or thirsty deserts^ and become w 
dry, that it absorbs vapour &om the 
clouds, and causes them to disappear. 

Q. What is the cause of a bed sunset f 

A. The vapour of the air not being 
actmlly condensed into clovds, but only 
on the point of being condensed. 

Q. Why is a bed sunset an indication qf a 
ElNE DAT to-morrow / 

A. Because the vapours of the earth 
are not condensed into clouds, even by the 
cold of sunset. Our Lord referred to 
this prognostic in the following words; 
“ When it is evening ye say it will 
be fair weatlaer, for the sky is red.” 
(Matt. xvi. 2.) 

Q. Wfuit is the cause of a coppery yellow 
bdk-bet ? * 

A. The vapour of the air being 
actually condensed into clouds. 

• Q. Why do vapours (EOT actually condensed^ 
refract bed rays, 'while condensed vapour refraet* 
yellow t 
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A. Because the beams of light meet 
with very little resistance; iii conse- 

S uence of which, those rays are bent 
own to the- eye, which require the least 
refraction, such us red. 

Bee flKurc on p. 139, where it id evident that the red nj A R, U 
MM bent, than the yellow and blue ruys, A Y, A B. 

Why do CONDENSED vapours refract 
YELLOW rays^ whereas vapours not actually con* 
densed refract red / 

A. Because the beams of light meet 
with more resistance from the condensed 
vapour; in consequence of which, thos** 
rays are bent down to the eye, whici; 
are more refracted than the red, such as 
yellow. 

See figure on p. 139, where it is evident that the yellow ray 
AT, is more bent than the red ray, A R. 

Q. Why it a YELLOW bcf-bet an indication 

of WET ? 

A. Because it shows that the vapours 
of the air are already condensed into 
clouds; rain, therefore, may be shortly 
expected. 

Q. What it the eaute of a bed Binr>BiBX P 
A. Vapour in the upper region of the 
Mir just on the point of being condensed 
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Q. Why may a red and loirering sky ii mar- 
niny he an indication of approaching iihUX'f 

A. Because tlie detisity of the air is 
due to an excess of vapour at the point 
of condensation; hcuce our Lord’s obser- 
vation, “ In the morning ye say, it will 
be foul weather to-day, for the sky is red 
•and lowering.” (Matt. xvi. 3.) 

Professor Forbes has seen n red liiiht in tbe Jet of steam issiiinfi 
from ;the valve of a locomotive, where it is just becoiiiinjr visible 
from condensation. Professor (jrittlths states, that the red and 
lowering morning sky, which indicates foul weather, probnhh/ de- 
pends upon excess of vapour in the atinosjdierc : but as a general 
rule, dry air is less transparent than and red rays have tiioie 
p<iwer to pierce through a dense atmosphere : hence the sun is ru'd 
at rising or setting, or in a fog. 

Q. W/iu i* a area gun-rite often indicative 
of a rwE day ? 

A. Because at the instant of sun- 
rise the higher regions of the air are 
comparatively free 1‘rora moisture, and 
feeble white light can pass through. 

Qrey is only white in a diluted state. 

Q. Why it a yellow tint in the sky indicative 
if the approach of vsn ? 

A. Because it shows that the air is 
moist. ]\J!oist air is more transparent 
than diy, and allows yellow rays, which 
have less momentum tlian red, to pass 
through as well. 
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Q. IP^hal difference (in the state of the air) 
is required to make a gbet and bkd sw.-risef 

A. In a grey sun-rise the air is 
sufficiently clear to allow the three 
coloured rays to p:iss with a feeble degree 
of intensity. In a red sun-rise, the air 

so dense that it stops all hut the red 
rays. Hence the proverb — 

••Evcnin*? rod and morning grey. 

Will sot tbo trarellor on Ins way; 
lint ovoning grey and morning red, 

Will bring down rain upon his head.** 

Q. Why ii the sky blue ? 

A. Because the weah blue rays, which 
are reflected upwards from the earth, 
cannot get through the air, and are 
therefore scut down again. 

It is, properly, the air wliich i.s blue. 71 onre the sky bccomct 
of a deeper colour, as we ast eod high mountains. 

Q. The proverb says, rainhow in the morn* 
Sing M the shepherd's teaming:^' Why is it so f 

A. Because a morning raii&ow must 
be always in the west ; and indicates 
that bad weather is on the road to us. 

Q. Why must a morning rainbotb he always 
in the west ? 

A. Because the sun is in the east ; 



BAtNBOW. 


in 

and a rainbow can be formed only when 
the rainy clouds are opposite to the sun. 

Q. Why doe$ a rainbow in the west indi- 
cate that BAD WEATUEB it on the road to us/ 

A. Because our heavy rains are 
usually brought by west or south-west 
winds; and clouds which reflect the 
‘ colour of the rainbow in the west, must 
be coming up ‘•nth the wind. 

This will not be true if the wind be easterly. 

Q. The proverb sai/s, “ A rainbow ai niqut 

ia the shepherd* s delight ;** Why ie it eo t 

A. Because a rainbow at night is in 
the east ; and indicates, that bad weather 
is leaving us. 

Q. Why must a rainbow at NiaiiT be always 
in the east ? 

A. Because the sun is in the west; 
and a rainbow can be formed only when 
the rainy clouds are opposite to the sun. 

Q. does a rainbow in the east indicate 

that bad toeather is leaviko us T 

A. Because oxur rain is generally 
brought <by west and south-west winds ; 
when, therefore, the clouds (which reflect 
the rainbow) have been diiven from the 
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west to the east, is a plain proof that 
they have already passed over us, and 
are going away. 

This xriU not be if the wind be easterly. 

Q TF/wt it meant, hy an avroba borga'lis. 
or northern light f 

A. A luminous appearance in the north 
of tlie sky at night-time. Sometimes' 
streaks of blue, purple, green, red, &c., 
and sometimes flashes of light are seen. 

As these streams of liffht hnyc a tremulous motion, they are called 
in the Shetland Isles, ** Merry Uaitcers.’* 

Q. Describe the appearance of the Aurora 
Borealis, visible in England on the night of 
November 11th, ISdsS. 

A. The sky overhead seemed in 
flames, and bands of various colours rose 
from the horizon to the North Star, 
forming a luminous arch. This magnifi- 
cent appearance lasted from a 7 till 10 
o'clock at night. 

Q. It this the usual appearance of the 
Aurora Borealis in our island f « 

A. No. It is generally a luminous 
white band on the top of a pitchy dark 
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jloud, — low down in the horizon, — and 
running 'from east to west of the due 
north. 

Q, What is the cause of the auboba bobea** 

LM, or northern light t 

A. The passage of electricity through 
tne higher regions of the atmosphere. 

Q. Whg are there niFFEitEiiT coloubs in 
the Aurora Borealis, such as white, yellow, red, 
and purple t 

A. Because the electric fluid passes 
through air of dijfereiU densities. The 
most rarefied air produces a white light; 
the most dry air, red; and the most 
damp produces yellow streaks. 

Q, Is the Aurora Borealis ever accompanirii 
by sound f 

A. Yes, it is frequently accompanieil 
by sounds resembling hissing, murmur- 
ing, rumbling, or crackling. 

When It* coAscationa are eery bright, uiiM>ttle(l weather gene 
rally follows; but in 1848 and 1849* brilliant clinplaya of the Aurort 
Borea'Us were followed by very fine wcathc r. 

Q. Why does a haze round the 817N indi^ 
cate BAIH? 

A. Because the haze is caused by venj 
fine rain, suspended in the upper regions of 

• o »' 
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the air ; wlien this is the case, a rain of 

6 or 6 hours duration may be ekpected. 

Q. is a HALO round the moon a sure 

indication of uaik f 

A. Because it is caused by fine rain, 
suspended in the upper regions of the air. 
The larger the halo, the nearer the rain- 
clouds, and the sooner may rain be ex- 
jx'cted. 

Q. IVJiftt is the cause of a black mist : and 
why does it bring wet weather ? 

A. The mist is black, because it is 
overshadowed hj dense clouds ; and wet 
weather may be expected, because the 
air is saturated with vapour. 

Q. Why is mist sometimes white ; and why 
does a white mist indicate FINE weather ? 

A. The mist is white, because no 
clouds blacken it with their shadow ; and 
fine weather may be expected^ because 
tlie sky is cloudless. 

Q Why do we feel almost svffocated tu 
a hot cloudy night t * 

A. Because the heat of the earth 
cannot escape into the upper region of 
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the air; but is pent-in by the clouifs, 
and confined to the surface of the earth. 

Q. TThy do we feel sfrigutlt in a clear 
bright night ? 

A. Because the heat of the earth can 
readily escape into the upper regions of 
the air, and is not confined or pent-in 
by thick clouds. 

Q. Whg do we feel depressed in bpibi'ib 
on a WET murkg DAT i* 

A. 1st — Because the air is laden 
with vapour, and has (proportionally) less 
oxygen. 

2ndly — The air being lighter than 
usual, does ml balance the air in our 
body: and 

3rdly — Moist air has a tendency te 
depress the nervous system. 

Q. What i* meant bg the “ atr balancing the 
air in ovr body 

A. The human body contains air of 
a given density ; if, therefore, we ascend 
into rarer air, or descend into denser, 
the balance Is destroyed, and we feel 
oppressed. 
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Q. Jf'hjf do we feel ufcomfobtablb, if the 
air around ie not of the baju density, at thtU in 
owrbodt/f 

A. Because if the air be more dense 
than our body, it will produce a feeling 
of oppression; if it be less dense, the 
air in our body will produce a feeling of 
distension. 

Q. Why do persone, who ascend in bai^ 
WOVBfJhel PAIN in their etjee^ ears^ and chest I 

A. Because the air in the upper 
regions of the atmospliere is more rare 
than the air in tlieir bodies; and (till 
equilibrium is restored) pain will be felt in 
the more sensitive pai-ts of the body. 

More eei)eciully in the lyiiipnnum of the car, 

Q. Why do persons, who descend ditincV 

BELLS, feel PAIN in their eyes, ears, and chest f 

A. Because the air in the diving-bell 
is compressed by the upward pressure of 
the water: in consequence ^f which, 
great pain is felt in the more sensitive 
parts of the body. 

The pressure thus caused Is sometiines sufllcicnt lo n^lture the 
vembrane of the tympanum, and produce incurable aea/HPM, 

Q. Why are pjeahl diters very frequently 

DEAF? 
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A. Because the pressure of the loaler 
against 'the tympanum of their ears 
ruptures the membrane ; and this rup« 
ture produces incurable deafness. 

Q. When the white cloud Jirom the chimney 
of a Hteam engine is seen trailing a long distance, 
whg may 11A.IN he expected 'f 

A. Because the air is unwilling to 
absorb any more moisture, and must be 
already nearly saturated with it. 

Q At what nouB of the day may this proy- 
nottio of rain be most certainly depended on T 

A. When it is seen at about three in 
the afternoon, a wet evening is almost 
sure to follow. 

Q. Which is the more dense, uoinx or ourmirT 

A. Dry air is the densest. The weight 
•of the atmosphere almost always dimin- 
ishes as the fall of rain approaches. 

Q. WJien are sounds loudest, in motst or 
■in DBT Weather ? 

A. All sounds are loudest in dry air, 
because «it is densest. 

The sound of a bell can be scarcely beard, when it la rung in the 
rcoeiver of an air pump. And the report of a pistol Is soaroelj 
audible on the top uf a high mountain. 
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Q. Why do we feel rrackd and LI0H’>- 

HBABTES on a fiKB Hpring or FuottTT< morning f 

A. 1st — Because there is more oxygen 
in the air on a fine frosty morning, than 
on a wet day : and 

Sndly — A brisk frosty air has a ten- 
dency to brace the powers of tlie nervous 
system. 

Q. Why do dogs and eats (confmed to a room ) 
feel LJLZr and cnowsr, at the approach of rain t 

A. 1st — Because the air does not 

contain its full proportion of oxygen : and 

Sndly — 'J’he damp depresses the powers 
of their nervous system, and makes them 
drowsy. 

Q. When BHE£P lie under a heugz, and 
seem unwilling to go to pasture, bain is at hand . 
Explam the reason of this. 

A. The damp air relaxes their nervous 
system, and they consequently feel Ustless 
and drowsy. 

Q. Why do HOBSKB CATTLE low,BaEKl> 

hle<U, and abbeb bray, at the approach of rain t 

A. Damp air relaxes their nerves, and, 
therefore, they feel languid and uneasy. 

Q. Mention some otiirb animals, which indi~ 
eate the approach ffrain m a similar way. 
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A. When pigs squeak, as if in great 
pain — ^fro'gs croak with a loud hoarse 
noise — owls screech — ^woodpeckers ciy 
—peacocks scream — guinea-fowls squall 
—or ducks and geese are unusually 
noisy, rain is close at hand. 

Q. fVhy do candles and eibes burn with 
BLUEK flame in wet weather f 

A. Because the lieat of fire is less 
intense : in consequence of which, some 
of the cai-hon is not heated to whiteness. 

rnlesfl the carbon be inUnnfly heated, it will not umte with the 
aygen to foi m carbonic acid, but will fly off as unuke, 

Q do HILLS, appear laboeb in 

tt'ET weather ? 

A. Because tlie air is laden with 
vapour, which causes the rays of light to 
diverge more; in consequence of which, 
■Jiey produce on the eye larger images of 
r.jccts. 

Q. Why do TBEES, ^c., in wet weather of 
pear fubtueb ojf than they really are ? 

A. Because the fog or mist diminishes 
the light deflected from tlie object ; and 
as the object becomes more dim, it seems 
to be further o^. 
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Q Why do ouJKcrs Homt’lmien teem to 
DANOX in warm weather^ after much roan ? 

A. Because the heat makes the fallen 
rain evaporate again into the air very 
quickly, and the ascending vapour cause', 
the density of the air near the ground 
to vary continually, and as the passage 
of the rays of light is affected, a twinkling 
or dancing motion is produced on tlie eye 

Q Bo not DOMESTIC AVTMius (ftoe some 
indications hy which the approach of wet weather 
may be known I 

A. It is believed that cats and house 
dogs feel a cutaneous irriutiou at the 
approach of rain, and olfer sensible 
evidence of uneasiness. 

Vlriril and ThompMin hiive m*ult» the aubject a theme for poetry. 
But Lin.ifirin ition wlurh inike<< a i^oou poet, doea nut alua)* 
make an acciuatc leachci ut ucuniihc facu. 

Q, Why Ut the air generally J)RIETI he fore 
toon and before summer ^ than it is ajter noon and 
\fter summer / 

A. Because iu tiie morning and in 
the spring, the heat of the air is on the 
increase, and is more capable of holding 
vapour suspended. In the afternoon and 
in the autiuun it is getting on the decrease, 
and in less able to hold vnjjour suspended. 
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Q, When the plantt called tbefoii^ dan. 
niLioir, PiMFEBNEL, ^0., FOLD Up their leovet, 
BAiir it always close at hand : Explain this. 

A. 1st — ^The cloudy weather dimin* 
ishes the light of the sun; and without 
the stimulus of sunlight, these flowers 
never open their leaves : and 

Sndly — ^'J’he vapour of the damp air, 
insinuates itself into the vessels of these 
delicate plants, and affects their vital 
sensibilities in some unknown way. 

All these plants close at sun-set also. 

Q. Why do doors swell in bain r weatheb? 

A. Because the air is filled with 
vapour, which penetrates into the pores 
of the wood, — forces the parts fur titer 
apart, — and swells the door. 

Q. Why do doors shbink in nnr weather I 

A. Because moisture is absorbed from 
the wood : and, as the particles are 
brought Closer together, the size of the 
door is lessened, — in ither words, the 
door, shrinks. 

Q. fThy it the air filled with offensvee 
SUXLLB, just previous to BAIN ? 

A. Because the volatile parts which 

» ' 
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rise from dunghills, 'sewers, &c., are 
arrested by the vapour of the vxr, and 
prevented from rising so readily, as when 
the sun is shining brightly. 

Q. Why do flowkbs smell swx£teb and 
einonaien, just previous to rain? 

A. Because the volatile parts which 
constitute the perfume of flowers, are 
prevented (by the vtipour of the air) from 
rising; in consocpjeuce of which, they 
ai-e confined to the lower regions of the 
atmosphere. 

N.B.— Many cwcntial oila and other volatile nub^tances which 
produce odoui’H in jihints, require the prcaence of much moisture for 
their perfect develupuient. 

Q. Why do nonsES and other animals 
stretch out their necks, and snuff up the aik, 
just previous to a fall of eain ? 

A. Because they smell the odour of 
plants and hay, and delight to suiilf in 
Uieir fi'agrance. 

Q. Why does smoke fall, when eaik is at 
hand? 

A. Because the air is less dense, and 
cannot huoy up the smoke so readily, as 
dory and heavy air. 
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Q. ’ Why do B'\rAxiA>irs tlt low, when baiv 
M at hand*? 

A. Because the insects (of which they 
are in pursuit) have fled from the cold 
• upper regions of the air, to the warm air 
near the earth : and as their food is hw, 
tlie swallows fly low. 

Q. Why do these INSUCTS seek the lower 
regions of the air in wet weather., more than in 
TINE? 

A. Because (in wet weather) the 
upper regions of the air are collier than 
the lower ; and, as insects enjoy warmth, 
tliey seek it near the earth. 

Q. Why does a dowihvabd current of cold 

AIB bring bain ? 

A. Because it condenses, the warm 
vapour; which (being condensed) de- 
scends in rain. 

Hence rain generally followa a London **pea-8onp** fog. 

Q. T%e proverb mys, *‘A BiNaLB magpii 
in springy foul 'WBAtheii will brings'^ Why 
is this the case f 

A. Because in cold stormy weather, 
one magpie alojie will leave its warm snug 
nest in search of food, while the other 

• F s 
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stays with the eggs^ or young ones ; but 
in fine mild Aveather (when their brood 
will not be injured by cold) both the 
magpies fiy out together. 

Q. IVhy it it rNr.ircKT for awoleeb to' 
tee a single magpie in spring ? 

A. Because, when magpies fig abroad 
singly,- the Avcatlier is cold and stormy; 
but, when both birds fiy out together, the 
weather is warm and mild, which is 
favourable for fishing. 

Q. Why do 8EA-OUI1T.S fly about the sea in 
rrifE weather / 

A. . -Jlccause they live upon the fishes 
which- are found near the surface of the 
sea in fine w'calher. 

Q. Why may we expect 8V»tnMT baiks, 
when BEA-ouiiLS assemble on the landf 

A. Because the fishes (on which they 
live) leave the surface of the sea in stormy 
weather, 'and are beyond the reach of the 
sea-gulls : so they are obliged to feed on 
the worms and larvce, which coiae out of 
the ground at such times. 

■* ?*rT0/* little frabe and oaterpillara. 
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Q. Wk}/ do PETBELS fly to the sea, dwrmy 
a storm T • 

A. Because they live upon insects, 
which are always to be found in abun- 
dance about the spray of swelling waves. 

N.B. Petrels are birds of the dtick kind, which lire in the open 
sea. They run on ihe lop <if the wavpK, nnd are called Petrels, from 
Pctrello, an Italian word, which means Liftle Pettr, in allusion to Si. 
Peter's walking on the sea to fto to Jesus. Our seamen call iheta 
f Mother Carey’s Chickens. Their presence at sea presan^eK n storm. 

Q. Why do candles and lamps bpuit, 
when BAIN is at hand/ 

A. Because tlie air is filled with 
vapour which penetrates ihe wick ; where 
(being formed into steam) it expands 
suddenly, and produces a little explosion. 

Q. Why does a nnop of wateb sometimes 
rolIj along a' piete of hot iron, without leaving 
the least trace ? 

A. Because the bottom of the drop is 
turned into vapour, and buoys the drop up, 
without allowing it to touch the iron. 

' Q. Why doee it boIiIi ? 

A. Because the current of air (which 
is always passing over a heated surface) 
drives it along. 
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' Q. Why ioeta'LKVVDvxsipui alitthnuxTX 
on a VLAT-IBOH, to know if it he hot enough? 

A. Because, when the saliva sticks to 
the box, and is evaporated, she knows it 
is not sufficiently hot : but, when it runs 
almq the iron, it is. 

Why does the saliva auN along the Jlat- 
iron when it is very uor ? 

A. Because the heat of the iron 
converts the bottom of the drop into 
vapour; Avhcn this is not the case, tlie 
saliva will not roll over the iron. 


CHAPTER XIL 
4.— EVAPORATION. 


Q. What is meant hy eva.poiia.tiot( P 
A. I'he dissipation of liquid by its 
conversion into vapour. 

Q. What EFFECTS are produeed'hy evapora. 

tion ? 

A. The liquid vaporized absorbs heat 
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from the i)ody whence it issues; and 
the body, deprived of the liquid by eva- 
iporation, loses heat. 

Q. If you WET your riNGEH in your mouth, 
and hold it up in the air, why does it feel cold f 

A. Because the saliva quickly evapo-' 
rates ; and (as it evaporates) absorbs heat 
. from the finqer. making it feel cold. 

Q. If you hatheyour teudleb with ether, why 
does it allay inflammation and feverish heat? 

A. Because ether very rapidly evapo^ 
rates; and (as it evaporates) absorbs 
heat from the burning head, producing 
a sensation of cold. 

Q. IVhy is ETHES better for this purpose 
than WATER P 

A. Because ether requires less heat 
to convert it into vapour; in consequence 
of which, it evaporates more quickly. 

N.B.— Ether is converted into vni>oi>p Mith DC depr*. of heat; bQt 
water rcquireH^12 def^s. of heat to coii> ei t ii mto bteaiu. < 

Q. Why does ETHER very greatly relieve 
d SCALD or BURN ? 

A. Because it evaporates very rapidly; 
and (as it evaporates) carries off tlte heat 
of the bum. 
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*■ Q. Why do we feel OOLS, whm we hove wit 
FEET or CLOTHES P , 

A. Because the moisture of our shoes 
or clothes rapi 41 y evaporates ; and (as it 
evaporates) absorbs heat from our body, 

■ which makes us feel cold. 

Q. Why do WET TEET or clothes give u» 
“COLD?” 

A. Because the evaporation absorbs 
heat so abundantly from the surface of 
our body, that its temperature is lowered 
below its natural standard ; in consequence 
of which, health is injured. 

Q. Why is it uamoeuous to sleep t» a 

DAMP BED? 

A. Because heat is continually ab- 
sorbed from the surface of our body, to 
convert the damp of the sheets into vapour : 
in consequence of which, our animal heat 
is reduced beloto the healthii standard. 

Q. Why is health injcrebi when the 
temperature of the hody is BEBircED below its 
natural standard f 

A.’ Because the balatwe of (he circu- 
lation is destroyed : Blood is driven away 
from the external surface by the chiU, 
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and thrown upon the internal organs, 
which are oppressed ‘ by this increased 
load of blood. 

Q. Whtf do we not feel the same sensafion of 
cold, if we throw a macuitosh over our vzt 

CLOTHES ? 

A. Because the macintosh (being air- 
, tight) prevents evaporation ; and (as the 
wet cannot evaporate) no heat is absorbed 
from our bodies. 

Q. Why do not sailors “ catch cold,” who 
are frequently wet all day with ska- water ? 

A. 1st — Because tlio salt of the sen 
retards evaporation ; and (as Uie heat of 
their body is drawn off gradimlly) the 
sensation of cold is prevented : and 

2ndly — The salt of the sea acts as a 
stimulant, and keeps the blood circula- 
ting in the skin. 

Q. Why does SFUiHKLtxa a hot boow with 
water cooi^i^ / , 

A. Because the heat of the room 
causes a rapid evaporation of the sprinkled 
water : and as the water evaporates, it 
absorbs heat from the room, which cools it, 

Q. Why does WATEBuro the streets and 
roads COOL them f . ' ' 
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A. Because they part ■wdth their heat, 
to promote the evaporation of the water 
sprinkled on them. 

Q. Why doet a bhower of BAiir cool the 
AIB 191 smimer^ime f 

A. Because the wet earth parte with 
its heat to promote evaporation ; and when 
the earth is cooled, it cools the air also. 

Q. Why M i/iKEir DRIES hv heina exposed 
to the WIND r 

A. Because the wind accelerates evap- 
oration, by removin!; the vapour from the 
stirface of the wet linen, as fast as it is 
formed. 

Q. Why i» MNEN DRIED sooner in ihe open 
AIR, than in a confined room i 

A. Because the paiticles of vapour 
are more rapidly removed from the 
surface of the linen, which increases the 
evaporation. 

Q. Wlitf are wet eummere qinerally sue* 
eeeded hy cold idntera f 

A. Because the great evaporation 
(carried on through the wet 'summer) 
reduces the temperature of the earth 
lower than wual. and produces cold. 
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Q. Why it England WABsikB than it tM^ 
to be, when lanES were common f 

A. Because it is better drained, and 
better cultivated. 

■ Q. Why doet DBAiNiNa land promote 

, ITABStTH ? 

A. Because it diminishes evaporation; 
jn consequence of which, less heat is 
abstracted from the earth. 

Q. Why does cultivation increate the 

w^uMTU of a country T 

A. 1st — llocause hedges and belts oj 
trees are ihultiplicd : 

Jly — land is better drained ; and 

3rdly — Tlie wst forests are eut down. 

Q. Why do UEDaES and belts of tubes 
promote waumtji ? 

A. Because they retard evaporation, 
b v: keeping ofi’ the wind. 

Q. If belts of trees promote wabmtu, why 
do forests produce cou) ? 

A. 1st — Because they d£tain and 

condense the passing clouds. : • 

2ndly— »They prevent the access of 
both wind and, sun : 

8rdly — ^The soil of forests is always 
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covered with long damp grass, rotting 
leaves, and thick brushwood: and 

4thly — In every forest there Jire always 
many hollows full of stagnant water. 

Q. do LONG GRASS and rotting 

VJIAVES promote cold ? 

A. liecause they are alirays damp: 
and the evajiorution which they promote, 
is constantlij absorbing heat from the 
e^th heneath. 

Q. Wht^ are Trance and Germany warmer 
now, than when the vine would not ripen there f 

A. Chiclly because their vast forests 
have been cut down ; and the soil is better 
drained and cultivated. 

Q, What hecomee of the water of PONDS 
and TUBS in itummer’time ? 

A. Ponds and tubs are often left dfj’ 
in summer-time, because their water is 
evaporated bij the air. n 

Q. How is this EVAPORATION PRODBOID 
and carried* on? 

A. The heat of the air changes the 
surface of the water into vapour, which 
^blending with the air) is soon wafted 
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away ; and ibis process is repeated, till 
Uie pond* or tub is left quite dry. 

Q. W'Ay are the wheels of eotne maehinee 
kept eonetantlp wet with wa.T£B P 

A. To carry off (by evaporation) the 
heat wbicb arises Crum tbe rapid motion 
of tbe wheels. 

Q. Whp it mould UABDEHES htf the sun p 

A. Because tlie moisture of the 
mould is exhaled by evaporation ; and, 
as the earthy particles are brought closer 
together, the muss becomes more solid, 

Q. Show the wisdom of Ood in this arrange- 
ment. 

A If the soil did not become crusty 
and hard in dry weather, the heat ami 
drought would penetrate the soil, and kill 
both seeds and roots. 

Q. is TEA cooled faster in a sauces 

than in a cup P 

A. B^cause evaporation is increased 
by increasing the surface ; and, as tea in 
a saucer presents a larger surface to the 
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air, its heat is more rapidly carried ofl 
by evaporation. 

The subject of “ convection” will be treated of in a future chapter J 
U would be ecarcely understood in this place. See p. 238. 

Q. Why is not the tafouk of the bea salt ? 

A. Because the salt of the sea-water 
is always left behind, in the process of 
evaporation. 

Q. What is that white cbust , which appears 

(in hot weather) uponCLOiaisswettetl hy sea-water f 

A. Dry salt, left on the clothes after 
the water has evaporated. 

Q. Why does this white cbhst always sib - 
APPEAB in WET weather t 

A. Because the moisture of the air 
dissolves the salt; in consequence of 
which, it is no longer visible. 

Q. Why should hot persons, who take vio- 
lent exercise, wear very thick clotuihq ? 

A. Because it prevents perspiration 
from evaporating. When the heat of the 
body is increased by exercise, ‘perspiration 
reduces it again (by evaporation) to a 
healthy standard : as thick - clothing 
prevents this evaporation, it is injurious 
to health 
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CHAPTER XIII. 


COMMUNICATION OF HEAT. 


L— CONDUCTION. 

• 

Q. JSoto is heat communicated Jrom one 
body to another f 

A. 1. — By Couduction. 2. — By Ab- 
sorption. 3. — By Reflection. 4. — By 
Radiation. And 5. — By Convection. 

Q, What it meant by conduction of heat T 

A. Heat communicated from cue 
body to another by acival contact. 

Q. Why does not a piece o/ WOOD (blazing 
at ONE end) feel hot at the otiieb? 

A. Because wood is so had a condv£- 
tor, that heat does not traverse freely 
through it: hence, though one end of 
a stick be blazing, the other end may be 
quite cold. 

Q. ^hy do tome thkxgt feel cou>EB, th4M 
othertf 

A. 

■ « t 


Principally because they are better 
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conductors ; and draw off heat from oar 
body much faster. 

Q. WTiat are the best eonducton of heat t 

A. Dense solid bodies, such as metal 
and stone. 

Q. Which metals are the most mpiD cow* 
D0CTOBB of heat T 

A. The best conductors of heat are 
1 — gold, 2 — silver, 3 — copper: 

The w&rf best are, 4 — plat'inum, 5 — 
iron, 6 — zinc, 7 — tin : Lead is a very 
inferior conductor to any of the pre- 
ceding metals. 

Q. What are the worst conductors of heat f 

A. All light and porous bodies ; such 
as hair, fur, wool, chai-coal, and so on. 

Two of the worst conductors known arc hare’s (hr and eidel 
down the two neat worst are beaver’s fur and raw silk ; Ihel- 
wcnhI und lamp-black ;~then cotton and fine lint; then charenoi, 
wood a.shc8, &c. 

Q. Why are cooking vessels often fmmishea 
with WOODEW HANDLES P 

A. Because wood is not a good 
conductor, like metal; and, therefore, 
wooden handles prevent the heftt of the 
vessel from rushing into our hands, to 
burn them 
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Q. Why it the hahscb qf a mktal te.v* 
POT made ^ wood P 

A. Because wood is a had, conductor ; 
therefore, the heat of boiling water is 
not so quickly conveyed to onr hand by a 
wooden handle, as by one made of metal. 

Q. Why would a metal handle BxrnK the 
* HAND qf the tea-maker t 

A. Because metal is an excellent 
conductor ; therefore, the heat of boiling 
water would pass so quickly into the 
metal handle, as to burn the hand. 

Q. Prove that a metal handle would be 
noTTEB than a woooBs one. 

A. If we tottch the metal collar into 
which a wooden handle is fixed, we 
shall find that the Avooden handle feels 
cold, but the metal collar, intensely hot. 

Q. Why do persons use paper or woollen 
SZTTLZ-no^DEBS ? ’ 

A. Because paper and woollen are 
both very had conductors of heat: in 
consequence of which, the heat of the 
kettle does .not readily pass through them 
to the hand. 

«s 
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' Q. Doet the heat of a boiling kettle nkticr 
get through the woollen or paper kettle-holder t 

A. Yes ; but though the kettle- 
holder become as hot as the kettle 
itself, it would never feel so hot. 

Q. Why would not the kettle-holder veel 
to hot at the kettle, when both are of the eame 
temperature ? 

A. Because it is a very bad conductor, ' 
and disposes of its heat too slowly to be 
perceptible ; but metal (being an excellent 
conductor) disposes of its heat so quickly, 
that the sudden influx is painful. 

Q Why does hot metax feel more t*. 
tensely warm, titan hot wool ? 

A. Because metal ^ives out a much 
greater quantity of heat in the sanie space 
of time ; and tlie influx of heat is, con- 
sequently, more perceptible. 

Q. Why does money in our pocket feel 
eery hot, when we stand before a i^us ? 

A. Because metal is an excellent 
conductor, and becomes rapidly heated ; 
For the same reason, it becomes rapidly 
cold, whenever it comes in contact tatM 
a substance colder than itself. 
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Q. Wijf doet a tvur-i^kauLE fetil ititMiefy 
COLD IK iAnteb P 

A. Because it is an excellent conduc* 
tor, and draws off heat from the hand so 
rapidly, that the sudden loss produces a 
sensation of intense coldness. 

Q. It the iBOK handle of the pump realU) 
COLOEB than the vioovsn pump iteelft 

A. No: every inanimate substance 
(exposed to the same temperature) pos* 
sesses in reality the same degree of 

Q. JFhy doet the iron handle teem to HUOU 
COLDEB than, the woooEK pump T 

A. Merely because iron is a better 
conductor; and, therefore, draws off heat 
from the hand more rapidly than wood. 

Q. ff^hy doet a polished marble 'onKVsnfeA 
to the feet coideb than a carped or hearth-rug t 

A. Chiefly because the surface of 
polished marble allows of a very close 
contact; and every point in contact draws 
off heat, till the whole marble is as warm 
as the foot resting on it. 

Stone, marble, and sIms, are by no meani good oondneton, for 
one part of tbitai may be heated, while another part rrmalna oold. 

Q. If polished marble is a BAD conductor^ 
why does U DiFFr«c f 
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A. Because it is so dense a substaucir 
that its particles lie very chse together, 
and can therefore impart heat to each 
other far more easily than if the particles 
were further apart. 

Q. Doet not the woollen CA.RPXTan<f hsabtii- 
BUe, eonduet heat from the human body ? 

A. Yes ; but being very had conduc- . 
tors, they convey heat away so slowly, 
that its loss is scarcely perceptible 

Q. It the COLD BEABTH-sTOXE t» reality 
of the BAUE temperature as the wabu cabpet ? 

A. Yes; everything in the room is 
really of one temperature, though some 
things feel to the touch colder than 
others. 

Q. Sow lOBO will a hearthstone feel cold 
to the feet resting on it f 

A. Till the feet and the hearth-stone 
are both of the same temperature; and 
then the sensation of cold in the hearth- 
stone will go off. 

Q. Why would not the heabth-btoke feel 
eou>, when it it of the tame temperature at our 
feaf 

A. Because heat would nu longer 
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nass frovi our feet into the hearth^stone, 
in order to produce equilibrium. 

Q. When the fire ia lighted, whg doea a 
poliahed mabblb UBAiith feel noTTSB than the 
HEABTB-BUO ? 

A. Because the polished surface of 
tlie marble allows of a much closer con- 
,tact than the hearth-rug, so that it pours 
heat into the foot from many more points 
than the loose woollen pile. 

Q. Whg doea parting with heat babidIiT 
make a UKABTH-STOBE/ee< wabm P 

A. Because the rapid influx of heat 
raises the temperature of onr body so 
svddenly, that we cannot help perceiving 
the increase. 

Q. Wh^ doea the non-eondueting power of 
1 HEABTU-Rue prevent ita Jeeling ao hot aa it 
really ia f 

A. Because it parts with its heat se 
slowly and gradually, that we scarcely 
perceive ilS trauaniissiou into our feet. 

Q. When tee plunge our hands into a haein 
D^WATXB, why doea it produce a aenaation of eold t 

A. Because water is a belter conducUtt 
than air ; ahd as it draws off heat fron 
our hands more rapidly, it futsls colder. 
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Q. Why Sm* the cosuvtmxa' power oj 
water make it feel ooxusb than aibP 

A. Because it abstracts heat from 
our hands so rapidly, that we feel its 
loss ; but the air abstracts heat so very 
slowly, that its gradual loss is hardly 
perceptible. 

Q. J» water a good eonduetor of heat T 

A. No; liquids are generally bad 
conductors of heat; but yet water is a 
much better conductor than air. 

QoloMlTcr, wtaloh ia a fluid, is a good conductor of heat, heeatm 
it <c metallic, 

Q. Why ie wateb a BETTEB conductor of 
hoot, than aiu ? 

A. Because it is more dense: The 
conducting power of any substance de- 
pends upon its solidity, or the closeness 
of its particles. 

Q. How do you know that water u kot a 
good conductor of heat ? 

A. Because it may be made to boti 
at its surface, without imparting sufficient 
heat to melt ice a short distayfe below 
the turf ace. 

Q. Why ore not liquidt good eondueton qf 
haatt 
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A. Beeadse the heat (which ^oolU 
be transniitted) produces evaporation, and 
/lies off in the vapour. 

Q. Wlij^ does a pojcer (resting on % fender) 
feel BOLDER than the HEAUXH-ru^, which is 
further ojf the fire / 

A. Because the poker is an excellent 
conductor, and draws heat from orx hand 
much more rapidly tlian the woollen 
hearth-rug, which is a very had con- 
ductor ; though both, tlierefore, are 
efpially warm, the poker seems to be the 
colder. (See also p. 11)3.) 

Q. Why are hot bbices (wraj^d in eloth) 
employed in cold weather to keep the feet warm f 

A. Because bricks are had condttetors 
of heat, and cloth or Oaimel still worse : 
in consequence of which, a hot brick, 
(wrapped in flannel) will retain iit heal 
a very lon^ time. 

Q. Why it a tin pan (Jllled with HOT 
WETis) employed at a boot wa.buxb ? 

A. Because polished tin (being a bad 
radiat )r of beat) keeps hot a very long 
time ; and warms the feet resting upon iu 
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Q. Wiiat it meant hg luia^ a “ had buia* 
roaofhetUf" 

A. To radiate heat is to throw oil 
heat by rays, as the sun ; a polished tin 
. pan does not throw off the heat of boiliny. 
water from its surface, but keeps it in. 

Q. Whjf are tin foot-warmert covered with 
FLAWKXL ? 

A. 1st — ^That the polish of the tin 
may not be injured ; 

Sndly — Because the flannel (bemg 
a very bad conductor) helps to keep the 
tin hot longer : and 

3rdly — Lest the conducting surface of 
the tin should feel painfully hot 

Q. What dUadvantaife would it be, iP the 
POIiISH of the tin were injured f 

A. If the tin foot-warmer were to 
lose its polish, it would get cold in a 
viuck shorter time. 

Q. Why would a tin foot-warmer get oou> 
BOONIB if its POt>i8H were injured ? 

•A. Because polished tin throws oflT 
heat very slowly; but dull, scratched, 
painted, or dirty tin, throws off heat vena 
^fpdchly. 
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Q. Whgdr0furmce»a»dtfyntt\fo1uremmek 

MMix it re^ttind) hwlt tf sobovb buokb P 

A. Because bricks are badconductors, 
and prevent the escape of heat ; in conse 
quence of which, they are employed 
when* great heat is required. 

Q. Why are fcbkace noons, ^e^fiequently 

^covered with a paete of ciat and bans ? 

A. Because this paste is a very lad 
evpduetor of heat ; and therefore prevents 
the escape of heat from tire furnace. 

Q. If a etove be placed in the uiddlx qf a 
rtoni, should it be made of brick* or inox ? 

A. A Stove in the middle of a room 
should be made of iron ; because iron is 
an excellent conductor, and rapidly com- 
municates heat to the air around. 


Q Why does (he Bible say, that GOD 
“ yioeth SNOW lil<.e wool?” 

A. Because suoic (being a very bad 
conductor ^of heat) pnrtects vegetables * 
and seeds from llie frost and cold. 

Q. HowdoesthetKrt-conductinypotcerof swow 
FBOTXOT VEGETABLES Jrom the Jrost and eoid f 

A. It prevents ♦he heat jf tire ear^ 
from being ^rawn off by the cold air» 
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Q Why are Nooiutns and yubb need for 
alothiag in cold weMher / ‘ 

A. Because they are very had eon- 
ductors of heat : and, therefore, prevent 
the warmth of our body fiom being 
drawn off by the cold air. 

Q. Do not woollene and fwn aetncXly IM* 
BA.BT heat to the body f , 

Ai No ; tiiey merely prevent the 
heat of the body from escaping. 

Q. Tthere would the heat escapb to, ^our 
body were aoT wrapped in wool or fur ? 

A. Into the air ; for cold air (coming 
in contact with onr body) would grodu* 
ally draw away its heat, till both were of 
the same temperature. 

Q. What is the principal use of oiOTniNO 
m winter time t 

A. 1 st — ^To prevent animal heat firom 
escaping too freely : and 

Sndly — I’o protect our body from the 
external air (or wind}, which would cany 
away its heat too rapidly. 

Q. Whff are beasts covered with ttb, baib, 
CPWOOIiP 

A. Ilrcause fur, hair, and wool, are 
very dott conductors of heat; 13d (as 
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dumb animals cannot be clad, like buman 
beings) God has given tliem a robe of 
hair or wool, to ki'ep tliem warm. 

Q. Why are hirdt eooereJ with sowir 7 

FIATUBBS f 

A. Because down and feathers ar^ 
very bad conductors of heat; and (as 
‘ birds cannot be clad, like human beings) 
God has given them a robe of feathers, 
to keep them warm. 

Q. Show how the yoodneet of Ood is menu 
fested, even in the clothmy of bibds and bbabts. 

A. Small birds, which are the most 
ddicate, have a thicker covering of 
feathers, than those which are larger and 
more hardy: and beasts which live in 
the cold regions of tlie frigid zones have 
thicker, coarser, and vHirmer coats, than 
those which dwell in the tropical heat. 

Q. Whv are furs, hair, and FBATHiBa, 
such SLoyr^conductors of heatf 

A. Because a great qvavtity of air 
lurks ^tangled between tlieir fibres; 
and air is a very had conductor of heat. 

The wanneet clothinK In that which lltH the body mj loonly te 
cei!^ part except at the ertre-mUirM ; bi'cnusc more hot air will be 
foDlmeabjatooMgannfliitv thao bjoiiewhl(}|^ lita the body 

« 9 
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Q. If Ain he a bad etmductar of^ heat, whj^ 
fhauld toe not feel as warm without clothing, ae 
when wrapped in wool and fur f 

A. Because the air is never at rest ; 
and every fresh particle wliich comes in 
contact with our body, carries off a fresh 
portion of heat. 

Q. JDoet the air, which turroundt a naked , 
hodu, become (hy contact) as wauh as the body 
viself? 

A. It would do so if it remained 
motionless ; but, as it remains only a 
very short time, it absorbs as much heat 
as it can in the time, and passes on. 

Q. Why do we feel colueb in wisdt 
WBATHEB, than in a calm dag ^ 

A. Because the paiticles of air pass 
over us more rapidly; and every fresh 
particle takes from ns some portioit of 
heat 

lliis effect will be ipreatly influonoed by the temperature of the 
«imd. 

Q. Show the wisdom of God in making aib 
a BAD conductor, 

A. If air were a good condttetor (like 
iron and stone) heat would be drawn so 
rapidly from our body, that we should be 
chilled to dedtk. iMiniliir evils would be 
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felt also )>y aU the animal and vegetable 
world. 

Q. Doet HOT air give heat at ilowtg to our 
imfy, at COLO air Uiket it amy T 

A. Yes. A man may go into air of 
the temperature of 300®, without having 
the heat of his body raised more than 
' two or three degrees. 

Workmen enter oveno, in the manafhetare of mimldi of pluter 
of Paris, in which the therniuiiieter stunds lOOu higher than the 
temperature of boiling water, ami take no harm. The precaution 
must be taken, to have no metal in eontael with the person; a 
frciitlcman a-hu once entered a hm-air oven with siiectaclcs on, waa 
Mverely burnt; the meul frame U'came rapidly heated, being a 
food conductor, and communicated the heat to hia nose. 

Q. Could as high a temperaturt bo homo, 
when the aib it in motion ? 

A. No. 'J’lie etfect of the heated air 
becomes more intense when it is in motion, 
because ^resh portions are then continu- 
ally applied to the surface of our body. 

Q. Can all hodiet be touched without ineonve- • 
atenee, whep their temperature it at high m300°? 

A. No. Metals cause pain when 
their temperature is 120”: water scalds 
when it& temperature is 150®. 

Q. Why doet VAirirnio cmt'tfixe in tumour 
wuke it oooL i 
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A. Because the fan puts the air in 
motion, and makes it pass more rapidly 
over one’s face ; and (as the temperature 
of the air is always lower than that of 
the human face) each puff of air carries 
off some portion of its heat. 

Q. Does TAJUVIVQ make the air itself cooler f 

A. No ; fanniug makes the air hotter 
and hotter. 

Q. How does panniho one's face increase 
the UKAT of the air ? 

A. By driving the air more rapidly 
over the human body; and causing it 
to absorb more heat. 

Q. If fanning makes the air hotteb, whjf 
eon it make a person feel cuoleb P 

A. Because it takes heat out of the 
face, and gives it to the air. 

Q. Why is broth cooees by blowing U t 

A. Because tlie breath causes a rapid 
change of air to pass oa er the bioth ; and 
(as the air is colder than the broth) it 
continually absorbs heat from^^t, and 
makes it cooler and cooler. 

Q. Would not the air absorb heat from broth 
just as well without blowing P 
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A. No ; air is a very bad condtictor ; 
unless, {herefore, the change he rapid, 
that portion of air nearest the surface of 
the broth would soon become as hot as 
the broth itself. 

Q. Would not hot air pabt with it» heat 
instantly to the CIuccmjacemt air f 

A. No ; not instantly. Air is so bad 
a conductor, that it parts with its heat 
very slowly ; unless, therefore, it be kept 
in continual motion, it would cool the 
broth very slowly indeed. 

Q. Why does wino generally feel cooii P 
A. Because it drives the air more 
rapidly over our body; and this rapid 
cJmnge of air, draws off a large quantity 
of heat. 

Q. Why does air absobb heat more qcickit 

being set in motion P 

A. Because every fresh portion of air 
sbsorhs afjresh amount of heat ; and the' 
more rapid the current of air, the greater 
will be the quantity of heat absorbed. 

Q. 'If the air were hotter than our body, 
would the ynsjf feel coolP 

A. No; if the air were hotter than 
our body, it would feel insuiTerably warm. 
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Q. Wh}/ vmid the air feil utqtleamiffy 
BOT, ^it were vaemib than our Bosy P 

A. Because it would add to the heat ■ 
of our body, instead of diminishing it 

Q. Ii the OPBN AIB ever at bot at the 
human loiyt 

A. Not in tftts country ; in the hottest 
summer’s day, the air is at least 10 or 12 
degrees cooler than the human body. 

Q. Jt the EARTH a good conductor of heat t 

A. No ; the earth is a had conductor 
of heat 

Q, Why it the earth ankxt conductor of heat f 

A. Because its particles are not 
continuous: Tlie power of conducting 
heat depends upon the continuity of 
matter. 

Q. Why it the earth (beiow the tmfaee) 
WARMER in winter, than the turface ittelff 

A. Because the earth is a had con- 
ductor of heat ; and, therefore, (although 
the ground be frozen) the frost never 
I>enetrate3 more than a fiw inches hdow 
the surface. *' 

Q. Why it the earth (below the tutfiKe) 
toOLiR m fiMuncr, rAatt the tutfaee iitdf J 
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A. Because the earth is a had con> 
(luctor of heat; and, therefore, (although 
the surface he scorched ivith the burning 
sun), the intense heat cannot penetrate 
to the roots of the plants and trees. 

Q. Show the WISDOM ^ Gou in making the 
ISA.BTS a BAD conductor. 

• A. If the heat and cold could pene- 
trate the earth (as freely as the heat of a 
fire penetrates iron) the springs would 
be dried up in summer, and frozen in 
winter ; and all vegetation would be soon 
destroyed. 

Q. Why is water from a spbino aiways 
COOL, even in summer t 

A. Because the earth is so had, a 
conductor^ that the rays of the sun can 
penetrate only a few inches below the 
surface; in consequence of w'hich, the 
springs of water are not affected by the • 
heat of summer. 

Q. Why is it COOL under a bhalt tree, in 
a hot summer's day f 

A. ist — ^Because the overhanging 
foliage screens' off the rays of the sun : 

^ndly — As the rays of the sun are 
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warded off, the air (beneath the tree) is not 
heated by the reflection of the earth : and 

Srdly — ^The leaves of trees are good 
radiators of heat; and, therefore, send 
hack to the earth a great deal of that 
which they receive. 

Dew forms upon leaves early in tbe eveninfr, beeanse the air ooola 
Jown quickly by rapid radiation. (See p. 21U, &c.) 

Q. Why do Laplandero wear Bxnrs, with 
the FOB 1KVAR08? 

A. 1st — Becausedrysfrmspreventthe 
wind from penetiating tu their body; and 

Sndly — The air (between the hairs of 
the fur) soon becomes heated by the heat 
of the body; in consequence of which, 
the TiSplander in his fur is clad in a case 
of hot air, impervious to cold and wind. 

Q. Why doee a lineit ehirt feel colsxb 
than a ootros one f 

A. Because linen is a much hetter 
conductor than cotton ; and,^ therefore 
draws away animal heat more rapidly, ana 
produces a greater sensation of cold. 

Q. fne or eoaree woouJtB elotk make 

tha'WiXn'BVS elothiny/ 

' A. The finer the cloth, the more 
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riowly it, conduct;^ heat. Fine dotha, 
therefore, are wanner than coarse ones. 

Q 1> BILK a good conductor ef heatt 

A. No ; it is a had conductor of heat. 
Spun silk allows the heat of the body to 
pass off more quickly than wool ; but raw 
,silk confines it more than wool. (p. 172). 

Count Rum ford found that when ■ thermometer eooled down 
18<V> in nir in 57A sccoiulit, it did not cool down to the mime extent 
in Icfw than 917 seconds, wht'n stirt-nundetl by spun silk : in 1044 
seconds, when surrounded by cotton wool: in 1118 seconds, when 
surrounded hy sheep's wool ; in ISdi •<rconrfs, when surrounded by 
imw silk i and in 1305 seconda, when surrounded by eider down. • 

Q. Whg it our face cooled bg wiping the 
tengplet with a fine cambric handkerchief f 

A. Because the fine fibres of the 
cambric have a strong capillary attractiou 
for moisture, and are excellent conductors 
of heat: in consequence of which, the 
moisture and heat are abstracted from 
OUT face by the cambric, and a sensation 
i>f cooIn3S| produced. 

“Capillary attraction,** l.e, the attraction of a thread or hair, 
fhe wick of a candle is wet with nrrcuse, because the melted tallow 
runs up the cotton from capillary attraction. 

Q. would not a cotton handkerchief 

do 09 well t ' 

A. Because tlie coarsefibrea of cotton 
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have venr little capilloiy attraction, and 
are very had conductors ; in consequence 
of which, the heat of our face womd be 
increased (rather than diminished^ by the 
use of a cotton handkerchief. 

CHAPTER XIV. 

9.— ABSORPTION OF HEAT. 

Q. U the difference between 009- 

DUOTiiro heat^ and ABSOfiBiNO heatf 

A. To conduct heat, is to transmit u 
from one body to another through » 
conducting medium : To absorb hea^, is to 
stick it up, as a sponge sucks up water. 

Q. Oive me an example, 

A. Black cloth absorbs, but docs not 
conduct heat : tlius, if black cloth be laid 
in the sun, it will absorb the,, rays very 
rapidly ; but if one end of the black cloth 
oe made hot, it would not corduct the 
heat to the other end. 

Q. Are good C0BDurT:>Ae iff keaty good 
4BBURBEaiP ^ 1^0 
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A. No ; evei^ good conductor of heat 
is a had absorber of it: and no good 
absorber of heat con be a good conductor 
also. 

Q. A inov a good Asaonjtm heat f 

A. No ; iron is a good conductor, but 
a very had absorber of heat. 

'' The power of abnorbinfr heat depends on the nature of the-tnrflMe 
of a body ; thus, bright or polished surfaoee will pot absorb heat sr 
feadily as rough and biauk ones. 

Q. Why do the FlBE-TitoN’S (uoliich lie upon 
a vender) remain cold, although they are before 
a good fire ? 

A. Because they are had absorbers 
of heat : in consequence of which, they 
remain cold, unless tliey come in contact 
with the stove or fire. 

Q. Why are the fire-irons intensely hot, 
whm they rest against a btoye which contains 
a good fire f 

A. Because tliey are excellent con- 
ductors of Jieat, and draw it rapidly from 
the stove with 'which they are in contact. 

Q. Why doet a kettle boil faster, when 
the hotto^and book are covered with BOOT ? 

A. Because the black soot absorbs- 
heat very quickly from the fire, and the 
metal conducts it to the wateir. * 
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Q. Why loiU not a vsir dettIiI boS to 
fiut at on OL0 onef 

A. Because the bottom and sides of a 
new kettle are clean and bright : but in 
an old kettle diey are covered with soot. 

Q. W hy would a KCTTtE boil more blowlt, 

if the bottom and back were clean and bright T 

A. Because bright metal does not ab- 
sorb heat, but reflects it : and (as the heat 
is thrown off from the surface of bright 
metal ly reflection), therefore, a new 
kettle takes a longer time to boU. 

Reflcota heaty i.e. throws it off. 

Q. do we wear a black outer dbebb^ 

if we want to he warm f 

A. Because a black outer dress quickly 
absorbs heat from the sun’s rays. 

Q. Why do persons W£ab wuitb dresaee in 
SUMMER time ? 

A. Because white throws off the heat 
of the sun by reflection, and is very bad 
absorbent of heat; in consequence of 
which) white dresses never become so hot 
from the scorching sun, as dark colours do. 

Q. Why do NOT persona wear white dreaaea 
inimxs&twtef 
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A. Because white will not ahaorh hmt 
like blac^ and other dark colours ; and, 
therefore, white dresses are not so warm as 
dark ones. 

Q. fFhat coLOiTRS are wxau est /or dret^ f 

A. For otUside garments black is tlie 
warmest, and then such colours as ap- 
’proach nearest to black (as dark blue ami 
green). White is the coldest colour for 
external clothing. 

Q. Whif are dare eoloure (fir extema'l 
wear) eo much wabheu than liout on«< t 

A. Because dark colours absorb heat 
from the sun more abundantly tlian light 
ones. 

Q. How eon you prove that dabk eoloure 
are warmer than light ones t 

A. If a piece of black and a piece of 
white cloth were laid upon snow, in a fen- 
hours the black cloth will have melted the, 
snow beneath; whereas, the white cloth 
will have produced little or no effect upon 
it at aUm 

K.B. The darker mof eolov la, the wuewur It la^ beeanee It la a 
better abnorbent of heat. The order may be thua arranged I. 
Bhudi (warmest of^all) — 9. Violet.— S. Indigo.— 4. Blae^ 
Oreen^— 6. Bah— 7. Tellow* 4. MThlta (ooldeat of all). 

• • 2 
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Q. IFAyarv BLACK KXOei<OTjcB«i>2>l«amii/^ 

BOT for tummer wear ? * 

A. 1 St— Because black absorbs thi 
solar heat: and 

Sndly — Kid will not allow the heat of 
our hand to escape through the glove. 

Q. Why are Lisle tubeab oloteb agree- 
ably COOL for summer wear T 

A. 1st — Because thread absorbs per- 

spiration : and 

2ndly — It conducts away the heat of 
our hot hands. 

Q. Are Lisle thread gloves abbobbebts of 
heatf 

A. No ; Lisle thread gloves are gene- 
rally of a grey or lilac colour: and, 
therefore, do not absorb solar heat. 

Q. Why is a plate-wabmeb made of im- 
PAINTED bright tin? 

A. Because bright tin reflects the heat 
(which issues from the fire in rays) upon 
the meat ; and, therefore, greatly assists 
tlie process of roasting. 

Befleots the heat, i.e. throws it back upon the meat. 

Q. Why would not the tin BErLECTOB do 
Of wellf jf it were p^ibtbd f 

A. Because it would then absorb heat. 
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and not reflect it so well. A plate-warmer 
should never be painted, but be kept very 
clean, bright, and free from all scratches. 

Q.. Why should a bki'IiEOTOB be hept so 
very cbeak, and free from all scbatchbs? 

A. Because, if a reflector were spotted, 
dull, or scratched, it Avould absorb heal, 
’instead of reflecting it ; and, consequently, 
would be of no use whatsoever as a 
reflector. 

Q. Why does hoab-vbost remain on TOMB- 
STONES, lony after it has melted from the grass 
and gravel-walks of a church-yard t 

A. Because tomb-stones (being whiU) 
will not absorb heat, like the darker grass 
and gravel; in consequence of which, 
they remain too cold to thaw the frost 
congealed upon their surface. 

Q. y black absorbs heat, why have those who 
live in hot climates black skins, and not wbitb 
skins, whicff would not absorb heat at all T 

A. Because black will not blister from 
the heat of the sun. Although, therefore, 
the black skin of a negro absorbs heat 
more plentifully thai? the white skin of a 
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l^uropean ; yet the blachneis 'prevents the 
sun ^tn blistering or scorching it. 

Q. Sow it it knoum, that black colour 
preventt the tun from either blistxbib'o ot 
scoitCBiKO the tkiu ? 

A. If you place a white cloth glove over 
one hand, and a black cloth one on the 
other, (when the sun is burning hot,) 
the hand with the white cloth covering' 
will be scorched, but not the other. 

Q. ‘Which hand mil fxbl the botteb? 

A. The hand covered with black cloth 
will feel the hotter, but will not be scorched 
by the sun : w’hereas, the hand covered 
with white cloth (though much cooler) will 
be severely scorched. 

Q. doet the black skin cf a kbobo 

never scobcu or blister with the hot tun f 

A. Because the black colour absorbs 
the heat, and conveys it below the surface 
of the skin. 

Q. Why does the ite European sJcin BLia« 
TBB and sconcH, when exposed to the hot sun T 

A. Because white ivUl not abssrb heat; 
and, therefore, Uie hot sun rests on the 
surface of the skin, and scorches it. 
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' Q. WTtg tuu a negro black xtbb P 

A. Because the black colour defends 
them from the strong light of the tropb 
cal sun. If a negro’s eyes were not 
black, the sun would so dazzle them, 
that ^e negro might become blind. 

Q. W'hg it WATER (in hot weather) kept 
'COOLER in a bsioht tut pot than in an earthen 
met 

A. Because bright metal will not 
absorb heat from the hot air, like an 
earthen vessel ; in consequence of which, 
the water is kept cooler. 

filing water Ib alno kept hot bh bright metal, better than is 
•wnhen Temela. (See p. 209.) 


CHAPTER XV. 

3.— REFLECTION OF HEAT. « 

Q. Tf%it it meant hg BBFLEOTmo heat t 

A. To reflect heat, is to throw it back 
in toys "from the surface of the reflecting 
body, towsurds the place whence it came. 

Q. What are the best rgfleetore of heat f 
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A. All bright surfaces, and light 
colours. 

Q. ^re good absobbbbs of heat good bb- 
nBCTOBS aUo / 

A. No: those things which absorb 
heat best, reflect heat worst; and those 
which reflect heat worst, absorb it best. 

Q. Whg are those things which absobb . 
heat, unable to BErLBCT U t 

A. Because tlie same heat cannot be 
both absorbed and reflected : if absorbed 
or taken into a substance, it cannot also 
be thrown off from its surface : and if 
thrown off from the surface, it cannot 
also be taken into the substance. 

Q. TVh^ are beflectors always made of 
UGHT-OOLOUKEJD and //^^/y-POLISUED METAL P 

A. Because /w//t<-coloured and highly- 
polished metal makes the best of al' 
reflectors. 

Q. Why do not plate-warmers Jdister and 
search the wood behind? 

A. Because the bright tin front 
throws the heat of the fire bach again, 
and will not allow it to penetrate to the 
wood behind. 
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Q. meial be tuck «» excellent coirviroTO]i 

^heat, how oan it beflect heat, or throw it qfl 

A. Polished metal is a conductor of 
heat, only when that heat is communicated 
by actual contact: But, whenever. heat 
falls upon bright metal in rays, it is 
reflected back again, and the metal 
.remains cool. 

Q. What ie meant by " heat falling upon 
metal in bays,” and not “by contact {" 

A. A piece of metal thrust inXo a fire 
would be in actual contact with that fire ; 
but if held before a fire, the heat ot the 
fire would fall upon it in rays. 

Q. What is the use of the TIK SOBEElT or 
reflector, used in boasting ? 

A. It tlirows tho heat of the fire back 
upon the meat : and, tlierefore, both 
assists the process of roasting, and helps 
to keep the kitchen cool. 

Q. S%u> does a tin refieetor tend to keep 
the KITCHEN COOL ? 

A. By confining the heat of the fire 
to tlie dearth, and preventing its disper.' 
sion throughout the kitchen. 

Q> WhyaretKOwaomuforbeinevovni 
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A. Because dull dusty shoes wiL 
absorb heat from the sun, earth, and air ; 
but shoes brightly polished, throw off 
the heat of the sun by reflection. 

Q* Why doen it always fbkeze on the top 

a HIGH mountain f 

A. 1st — Because air is heated by 
contact with the earth's surface, and not 
by solar rays which pass through it : As 
a mountain-top affords very small surface 
for such contact, it remains intensely 
cold; and 

Sndly — When air flows up the side of 
a mountain, it expands from diminished 
pressure ; and consequently absorbs heat 
nx>m surrounding objects. 

Rarefled tlr oan hold more latent heat than dense aSr omi. 

CHAPTER X\T. 

4.— RADIATION. 

Q. What it meant hy badiatioh ^ 

A. Radiation means the emission of 
rays : Thus, the sun radiates both light 
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und heat^ that is, it emits rays of light 
and heat in all directions. 

Q. Whin w heat aasiatid from one ho^ 
to another T 

A. When the two bodies are separated 
by a non-conducting medium : thus, the 
sun radiates heat towards the earth, 
because the air (which is a very bad 
conductor) comes between. 

Q. On \rui.T doeg radiation dqaend f 

A. On the roughness of the radiating 
surface : thus, if metal be scratched, its 
radiating power is increased; because 
the heat has more points to escape from. 

Q. Doet afire radiate heat t 

A. Yes; and because burning fud 
emits rays of heat, therefore, vie feel warm 
when we stand before a fire. 

Q. Why doet our facx feel meomfortdb^ 
HOT, when we approach a fire t 

A. B^'ause the fire radiates heat 
upon it ; and (not being covered) it feels 
the effect immediately. 

Q, Why doeg the fire catch our face more 

than it does the Hast of our body f 

A. Because tlie rest of our body is 
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covered with clothing; which (being a 
had conductor) prevents the same sudden 
and rapid transmission of heat to our 
skin. 

Q. 2X> ihote aubitanc^ which babiatb heat^ 

AMOBB heat aUo f 

A. Yes. Those substances which 
radiate most, also absorb most heat : and 
those which radiate leasty also absorb the 
least heat. 

Q. Doet any thing xlbb radiate heat, beeide* 
the mtt and fibs ? 

A. Yes ; all things radiate heat in 
some measure, but not equally well. 

Q. What things bbdiatx heiU the vsxt 
BEST to the sun and fire t 

A. All dull and dark substances are 
good radiators of heat : but all light and 
polished substances are had radiators. 

Q. Why should the rtUES {connected teitk 
Amott's stoves, ^e.) be always bltskened with 
BLACK LEAD? 

A. In order that the heat of the due 
may be more readily diffused throughout 
the room. Black lead radiates heat more 
freely, than any other known substance. 
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A bettor name tor black lead Ic *«gra|»hltiL** beoance It aontaltiii aa 
metallie lead, bat ic a mixture otearbon and iron. It ie used ebtede 
in black-lead pendla; and hence ita name, trcm the Greek word 

to icHto.' The black lead need tor domectlo purpocea ccn- 
adns only a amall portion of true ** graphite.*' 

Q. W%y doet a poushed metal tea-pot 
make bsttek tea than a black earthen one f 

A. Because polished metal, (being a 
very bad radiator of heat) keeps the water 
hot much longer ; and the hotter the water 
is, the better it “ draws” the tea. 

Q. Why ioee not a duel black tea-pia 
make good tea f 

A. Because the heat of the water 
flies off so quickly through the dull black 
surface of the tea-pot, that the water is 
very rapidly cooled, and cannot “ draw” 
the tea. 

Q. Why do peneionere, and aged cottagrre, 
generally prefer the little black elbtuen tea-pot 
to the bright uetal one t 

A. Because they set it on the hob, 
** to drawi” in which case, the little 
black tea-pot will make the best tea. 

Q. T^hy_will a black tea-pot make better 
tea than a bright, uetal one, feet upon the HOB 
to DBAW p • 

A. Because the black tea-pot will 
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|Lbdorb heat plendfidly from the fire, and 
Iceep the water hot: whereas, a brigh* 
mem tea-pot (set upon the hob) woulc 
throw off neat by reflection. 

Q. Then tomefimes a hlack xabthxv tea. 
pot u the and eometimee a bright metal one f 

A. Yes ; when a tea-pot is set on the 
hob ** to draw" black earth is tlie besi^ 
because it absorbs heat : But, when a 
tea-pot is not set on the hob, bright 
metal is the best; because it radiates 
heat very slowly, and therefore keeps the 
water hot 

Q. ioet a saitcepait, tohitih hu been 

UUIO, boil in a ehorter time than a »EW otte f 

A. Because the bottom and back are 
covered with soot : and black soot rapidly 
absorbs heat from glowing coals. 

Q. Why thould the FRONT and UD a 
aACOEFAN be clean and bright f 

A. Because they cannot a&»or& heat, as 
they do not come in contact with the fire ; 
and (being bright) Uiey will not suffer the 
heat inside them to escape by radiation. 

Q. In what etate ehould a eaucepan be, in 
order that it my sou meet quiCKLX t 



A. AJl those parts, which come in 
eontact toith the fire, should be covered 
with soot, in order to absorb heat ; but all 
die rest should be as bright as possible to 
prevent the escape of heat by radiation. 

Q. Whtfi is it said that ** Satuboat*s ket- 
TLS boils the FASTEST?** 

• A. Because on Saturday, the front 
and top of the kettle are generally cusaned 
and polished; but the bottom and back 
of the kettle are never cleaned. 

Q. Whff should vor the bottom and B40k 
12^ a kettle be clean and polished t 

A. Because thexj come in contact with 
the fire, and (while tliey are covered with 
black soot) absorb heat freely from the 
burning coals. 

Q. Why should the tbobt and tot qf a 
kettle be clean and well polished f 

A. l:lecause polished metal will not 
radiate hvit; and, therefore, (while the 
front and top of a kettle are well polish- 
ed) the^ heat is kept in, and not sudered 
to escape by radiation. 

. Q. Why, does the bottom of a kettle fM 
nearly cold when the water is boUine bot P 

• t a 
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A. Because black soot is a. very had 
conductor of heat; and, therefore, the 
heat of the boiling water is some time 
before it gets through the soot, which ad- 
heres to the bottom of the kettle. 

Q. Whj/ it He LTD of a kettle intensely 
KOI, when the water boils f 

A. Because the bright metal lid is 
nn admirable conductor ; and, therefore, 
heat from the boiling water •pours into our 
hand the moment we touch it. 

Q. Show the henejlt of smoos in cooKura. 

A. The carbon of the fuel (which 
flies off in smoke) naturally blackens all 
culinary vessels set upon a fire to boil, 
and thus renders them fit for use. 

**CulinaTT veraels” are TeMeln naed in kitchrna for cooking* as 
aanoeimns. Doilers, kettlee, &v., from the Latin word **CuU'na,’* 
(a kitchen), 

Q. Sow does buoee make culinary vessek ■ 
FIT for USE P _ ^ 

A. By covering them with soot If 
it were not for the soot (which gathers 
round a kettle or saucepan) heat would 
not he absorbed, and the process of 
boiling would be greatly retarded. 
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Q. Whff M ioiling water kepi hot in a hripXt 

HSTAl pot' better than in an earthen veesel t 

A. Because bright metal (being a 
had radiator) will not throw of from it$ 
surface the heat of the boiling water. 

Q. Why would not a metal pot tene to keep 
water hot if it were dull and diiitt P 

. A. Because it is the bright folhh of 
the metal, which makes it a bad radiator ; 
and if it were scratched, or dirty, 
heat would escape very rapidly. 

Water in hot weather ia also kept cooler In bright iseUi than a 
4%dl or earthen veHsels. {See p, lOU.) 

Q. Wh^ are dinner-covere made of bkight 
TU r or SILVER? 

A. Becauselight-coloured and highly- 
polished metal is a very bad radiator oj 
heat ; and, therefore, bright tin or silver 
will not allow the heat of the cooked food 
to escape through the cover by radiation. 

Q. Why ehould a mxat-covdr he very 
br^hthf DOifisnEDp 

A. To prevent the heat of the food 
from escaping by radiation. If a meat- 
cover be duU or scratched, it will aJlow 
the heat of 'the food beneath to fly ofiT 
into the room. • t s 
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Q. WhjfMhouldanhermeat-eoterhenLa, 
and not enehated f 

A. Because a chased meat-cover 
would not prevent the radiation of heat 
so perfectly as a plain one. 

Q. What is OEyr? 

A. Dew is the vapour of the air con- 
densed, by coming in contact with bodies 
colder than itself. 

Q. Why is the GBOUKD sometimes ooTKBxn 
with SEW ? 

A. Because the surface of the earth 
(at sunset) is made so cold by radiation, 
that the warm vapour of the air is chilled, 
by contact, and condensed into dew 

Q. Why is the earth colbeb than the aib, 
<0er the sun has set T 

A. Because the earth radiates heat 
very freely, but the air does not; in 
consequence of which, the earth is often 
6 or 10 degrees colder than the air (after 
sunset) ; although it was mubh warmer 
than tlie air, during the whole day. 

Q. Why is the earth wabueb thetil the aib, 
duriny the day f 

A. Because the earth absorbs solar 
heat very freely, but the air does not; in 
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consequence of which, it is often many 
degrees warmer than the air, during the 
day. 

Q. Why is the surface of the ground colder 
in a FINE clear night, than in a cloudy one ^ 

A. Because on a fine clear star-light 
night, heat radiates from the earth freely, 
. and is lost in open space : but on a dull 
night, the clouds arrest the process of 
radiation. 

Q. Why it OEW deposited ofdy on a rm dear 

MOHT ? 

A. Because the surface of the ground 
radiates heat most freely on a fine night ; 
and (being cooled down by this loss of 
beat) condenses the vapour of the a«t*uito 
dew. 

Q. Why is there no dbw or a dull ci.0UDr 
night f 

A. Because clouds arrest the radiation 
of heat from the earth ; and (as the beat 
cannot finely escape) the earth’s surface 
is not sufficiently cooled down, to con- 
dense file vapour of the air into dew. 

Q. Why is a cloudy night wabheb tAon a 
fine onsf ' 
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A. Because clouds prevent the radia- 
tion of heat from the earth ; in conse- 
quence of which, the surface of the earth . 
remains warmer. 

Q. Why is dew most abundant in situations 

most EXPOSED ? 

A. Because the radiation of heat is 
not arrested by houses, trees, hedges, or , 
any other things. 

Q. Whtf is there scarcely any bew under a 
TBEE when in full foliage ? 

A. 1st — Because the thick foliage 
arrests the .radiation of heat from the 
earth: and 

Sndly — It radiates some of its own 
heat tmoards the earth; in consequence 
of which, the ground underneath a leafy 
tree is not sufficiently cooled down, to 
chill the vapour of the air into dew. 

Q, Why is there never much DEW at 
Jbot <if WALLS and hedges P 

A. 1st — Because they act aH screens, 
to arrest the radiation of heat from the 
earth : and 

Sndly — They themselves radiate some 
portion of heat towards the earth: in 
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consequence of which, the ground at the 
foot of walls and hedges is not sufficiently 
cooled down, to condense the vapour of 
the air into dew. 

Q. Why is there little or KO dew beneath a 
FLOWER-AWEiNG, although that atoning he open 
on all four sides? 

• A. 1st — Because the awning arrests 
the radiation of heat from the ground 
beneath: and 

2ndly — It radiates some of its own 
heat downwards; in consequence of 
which, the ground beneath an awning is 
not sufficiently cooled down, to chill the 
rapour of air into dew. 

Q. Sow can a thin covering cf bxbb or even 
iHTBUB, protect treea from frobt P 

A. Because anp covering prevents 
the radiation of heat from the tree ; and 
if trees are not cooled down by radiation, 
the vaponr of the air will not be frozen, 
as it comes in contact with them. 

BaU| pstrMsmoe b i kind of matting uiied by gardenen. 

Q. Why is the BAdS or oakyass itself {which 

covers a tree) adways drenched with dew? 

A J^ecause it radiates hmt both up- 
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wards and downwards; in consequence 
of which, it is so cooled down, that it 
readily condenses the vapour of the air 
into am. 

Q. Why doet svow {at fhefoot cfa redgi 
or wall) melt tooner than that in an openJUldt 

A. Because hedges or walls radiate 
heat into the snow, which melts it 

^ Why it there so dew t^ter a wnroT 

A Because wind evaporates the mois- 
ture, as fast as it is deposited. 

Q. Why are TALLKT8 and hollows often 
thickly covered with sew, although they are 
theltered f 

A. Because surrounding hills prevent 
the report of air from being disturbed; 
but do not overhang and screen the valleys 
sufficiently to arrest radiation. 

Q Why doet sew fall more abundantly on 
SOME thingt, than on others f 

A. Because some things radiate heat 
more freely than others ; and, therefore, 
become much cooler in the night 

Q. Why are thingt whi^ radiate heat moat 
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miET, ahgayt Hu moit tuoslt ootbbxd with 
i»»wP 

A. Because the vapour of the air is 
jondensed into dew, the moment it comes 
in contact ^’ith them. 

Q. What kitui thingt radiate heat Meet 
nWELT? 

, A. Grass, wood, and the leaves of 
plants, radiate heat very freely ; but 
polished metal, smooth stones, and 
woollen clotli, part with their heat ve/ry 
tardily, 

Q. Do the leaves of ALii plants radiate %eat 
XQVAILT weiu 

A. Ko. Rough woolly leaves (like 
those of a holly-huck) radiate heat much 
more freely, than tlie hard smooth polished 
leaves of a common laurel. 

Q. Shew the wishou ^ Goo m making 
grass, the leaves <f trees, and alIi visstabucs, 
excellent radiators of heat. 

A. A9 vegetables require much nuns'- 
ture, and would often perish without a 
pleniifal deposit of dew, God wisely made 
them to radiate heat freely, so as to etm- 
dense the vhpovr (which touches them) 
into dew. 
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* Q. WiUpoli»kedianAS,,»mooihtetO'S*%aiti 
woollen ou>TH, readtfy eolleel oi v ? 

A. No. WhUe grass and the leaves of 
plants are completely drenched with dew, a 
piece of poliehed metal, or of woollen cloth 
^ying on the same spot), will be almost dry. 

Q. Why would poluihed hetal and woollen 
oliOTH he DBT, while graee and leaves are drenched 
with DEW P 

A. Because polished metal and wool- 
len cloth part with their heat so slowly. 
that the vapour of the air is not condensM 
into dew, when it passes over them. 

Q. ie a gravel toalk almost dbt, when 

a grass plat is thioklg covered with mew '! 

A. Because grass is a good radiator, 
and throws off its heat very freely ; but 
gravel is a bad radiator, and parts with 
its heat slowly. 

Q. h that the reason why gea.bs is satwratea 
with DEW, and the gravel is not ? 

A. Yes. When the vapour of warm 
air comes in contact wiUi the cold grass, 
it is instantly deposited as dewf butit 
is not so freely condensed, as it passes 
over the warmer gravel. 
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Q< ** vsw roreljf HttSled t^pon hard 

neka and harren landt t 

A. Because rocks and barren lands 
are so compact and hard, that they can 
neither absorb nor radiate mnch heat: 
and (as their temperature varies very 
little) very little dew distils upon them. 

* Q Why doet dev fall more abundantly on 
eullioated toils than on harren lands t 

A. Because cultivated soils (being 
hate and porous,) very freely radial by 
night, the heat which they absorbed by 
day ; in consequence of which, they are 
much cooled down, and plentifully condense 
tlie vapour of the passing air into dew. 

Q. Shew the wiSDOU of Ood in this arrange^ 
meat. 

A. Every plant and each portion of 
land, which needs the moisture of dew, 
is adapted to collect it ; but not a swak 
drop is owasted, where its refreshing 
moisture is not required. 

Q. ^ ^ew the wiBooM of Gob in making 
polished metal and woollen cloth bad rAlBIatobe 
qf heat. , 

A. If polislred metal collected dc^ as 
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easily as grass, it could never be kept diy 
and free from rust. Again, if vroollen 
garments collected dew as readily as tlie 
leaves of trees, we should be often mt, 
and subject to the risk of “ taking cold." 

Q. Shew how this aJJ'ordt a heautiful illw- 
Nation of Gideon’s hiiuode, recorded in the 
book of Judget, ti. 37, 38. 

A. 'J'he fleece of wool (which is a 
very had radiator of heat) was wet with 
dew: when the ffrass (which is a most 
excellent radiator) was quite dry. 

Q. Wat not this contbaht to the laws (f 
nature? 

A. Yes : and was, therefore, a plain 
demonstration of the power of God, who 
could thus change the veiy nature of 
tilings at his will, 

Q. Why do our CDordES feel dahp, after 
walking in a fine eve^'ng in srsixa or autumn ? 

A. Because vapoiur (condensed by 
the cooKug of Jie air) is deposited upon 
them, like dew. 

Q. Why Of eywmowa (fteneovered withthiok 
HIIt, and the frvmee wet with standing watebP 

A. Because the temperature of the 
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external air always falls at sun-set, and 
ehiUs the window-glass, with which it 
comes in contact. 

Q. How doet this aecotmtfor the mist and 
WATER on a usindow f 

A. As the warm vapour of the room 
touches the cold glass, it is chilled and 
* condensed into mist ; and the mist (col- 
lecting into drops) rolls down the window- 
frame in little streams of water. 

Q. Why doe* the glass of a window COOL 
down more rapidly, than the air of the room itee^f 

A. Because tlie air of tlie room is 
kept warm by fires, and animal heat ; in 
consequence of which, it suffers very 
Httle diminution of heat from the setting 
of the sun. 

Q. Whence aritet the vatoub of a roomf 

A. 1st — ^The air of the room itself 
naturally contains vapour : 

2ndly— The breath and insensible per- 
spiration of the inmates increase this 
vapour: and 

Srdly— Hof dinners, the steam of tea, 

and so on, increase it still more. 

• os 
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Q. Wiat M meant hjf “ utsehbiblb jMrq»> 
ration r* 

A. From every part of the hnmau 
body, an insensible and invisible perspira- 
tion issues all night and day ; not only 
in the hot weather of summer, but also 
in the coldest day of winter. 

Q ^ the perspiration he hoik IN8B9BIBLB 
and IBTISIBI.E, how is it known that there ib any 
such perspiration T 

A. If you put your naked arm into 
a clean dry glass tithe, the perspiration 
will condense on the glass, like mist. 

Q Why are carriage windows verp soon 
covered with thick MtST? 

A. Because the warm vapour of the 
carriage is condensed by the cold glass, 
and covers it with a thick mist. 

Q. Why is the glass window COLS enough 
to condense the vapour of the carriage T 

A. Because the inside of the carriage 
is much warmer than the outside ; and 
tlio glass window is made cold by contact 
with the external air. 

Where does the wabu vapour the 
carriage come from f 

A . From< the warm breath and 
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tDsensible perspiration of the persofis 
riding in* it 

Q. What it tha eautt of the pretty tbost* 
WORK, teen on bedroom windowt in winter time f 

A. The breath and insensible perspi- 
ration of the sleeper (coming in contact 
mth the ice-cold window) are frozen by 
* the cold glass ; and form those beautiful 
appearances seen in bed-rooms on a 
winter’s morning. 

Q. Why is the aii&ss ^ a window colder 
than the walls of a room t 

A. Because glass is so excellent a 
radiator, that it parts with its heat more 
rapidly than the taalls do. 

Q. Why it a tunbleb of cold watbb 
made quite dull with mist, when brought into a 
room full of people? 

A. Because the hot vapour of the 
room is condensed upon the cold tumbler, 
with whh:h it comes in contact ; and is 
chan^d from the invisible and gaseous 
form, into that of a thick mist. 

Q. Why it a glass made quite DULL, ty 
laying a hot hand uvon it? 
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' A> Because the perspiration from the 
liot hand is dondmsed upon 'the cold 
glass, and made perceptible. 

Q. Whv are vmx-OLA.ssEa made quite DULiv 
wJten hraugnt into a room full of company f 

A. Because the hot vapour of the 
room (coming in contact with the cold 
wine-glasses) is condensed upon them,, 
and covers them with moisture, like dew. 

Q. Why doee thUt misty appearance GO on, 
qfler a little time ? 

A. Because the glass becomes of the 
same temperature, as the air of the room ; 
and will no longer chill the vapour which 
touches it, and condense it into mist. 

Q. Why is a wine-bottle {which has "been 
brought out of a cellar into the aib) covered with 
a thick MIST t» summer time t 

A. Because the vapour of the hot 
air is condensed into a thick mist, by 
contact with the cold glass. 

Q. Why does bbeathutg on a'^gloss maie 
it quite dull f 

A. Because the vapour of tl^e hot 
breath is condensed by the cold glass, 
and covers it with a thick mist 
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Q. Whj/''ar» the toallt of a koute eoverM 
with WKT M» a audden thaw P » ^ 

A. Because they are thick, and can* 
not change their temperature so fast as 
the air; in consequence of which, they 
retain their cold, after the thaw has set in 

Q. How does “betaimko their cold" 
oeeount for their being to wetT 
' A. As the vapour of the warm air 
touches the cold walls, it is chilled and 
condensed into water ; which either stkhs 
to the walls, or trickles down in little 
streams. 

Q. Whg doe* a thick well>bcilt houte eon- 
tract more damp of thU kind, than an obdibabt 
onet 

A. Because its walls are much 
thicker; and (if the frost has penetrated 
far into the bricks) they will be some time 
before they are reduced to the same tem- 
perature as the air. , 

Q. JVhy are balcbtebb, ^e., damp after a 

IHAWP’ 

A. Because they are made of some 
very cTose-grained varnished wood, which 
cannot change its temperature, so fast as 
the air. 

Bshwicr*— oorraptif called baalnwrc. 
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‘ Q. How doet thu aeeount for the baluetert 
being dau? ? ' « 

A. Because the vapour of Uie warm 
air is chilled by contact with the cold 
balusters, and condensed into water upon 
them. 

Q. Why it the BBEATH vieible in winteh 
and not in sumueb ? 

A. Because the intense cold of win-^ 
ter condenses our breath into visible 
vapour; but in summer, the air is not 
cold enough to do so. 

Q. If'hg ie our hair, and the hrim of our 
HAT, often covered with little drope of pearly dew 
M winter time f 

A. Because our breath is condensed 
as soon as it comes in contact with our 
cold hair or hat; and hangs there in 
little dew-drops. 

Q. Why does the steam of a railway boiler, 
fften pour down, like fine rain, when the eteam ie 
** let off?*' 

A. Because in cold weather, the 
steam from the chimney is condensed by 
the chiU air, and falls like fine rtdh. 

Q. Why u there less dew when the wind 
tt SA8TEBLT, than when the wind ie webtebly ? 
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A. Beipause easterly winds cross the 
continent of Europe, and (as they, pass 
orer land) are diy and arid : Bat westerly 
winds cross the Atlantic Ocean, and (as 
they pass over water) are moist and full 
•f vapour. 

Q. How does the dbyness of an easterly 
'wind PBETENT dew-falls ? 

A. As easterly winds are very dry, 
they imbibe the moisture of the air; in 
consequence of which, there is very little 
left to be condensed into dew. 

Q. How does the moistness of a westerly 
wind PBOUOTE dew-falls f 

A. As westerly winds are saturated 
with vapour, they require very little 
eduction of heat to cause a copious 
deposition of dew. 

Q. When is dew most copio V8I>T deposited f 

A. After a hot day in summer or 
autumn, especially if the wind be > westerly 

Q* w dew distilled most copiousli 

tfier a noT de^ f 

A. Becapse the surface of the hot 
earth radiates heat very freely at sun^set ; 
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and (being made much colder than the 
air) chills the passing vapour, and con- 
denses it into oew. 

Q. Does not aib raditUe heat, as well as 
the XABTB and its various plants / 

A. No ; tlic air never radiates heat ; 
nor is it made hot by the rays of the 
sun. 

Q. How is the air made UOT or cold P 

A. By convection of hot or cold 
currents. 

Q. Explain this. 

A. Air which is heated by contact 
with the earth's surface ascends, and 
colder comes into its place, to be in its 
turn heated in the same way ; this process 
IS repeated, until there no longer reuituns 
any cold air to be made warm. 

Q. How is the air made cold P . 

A. By direct contu(;t with the colder 
earth, and by being mixed witli colder 
cuirents that are brought by ihe wind. 

Q. Why is meat very sulyeet to taiht, 
exposed on a clear moon-light night T 

A. Because on a clear night it will 
vadiate heat very freely; and, conse- 
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quently, be wet with dew, which favours 
rapid putrefaction. 

Q. How do MOON-LiouT night* conduce to 
the rapid growth of plants ? 

A. Uadiation is cai’ried on very 
rapidly on bright moon-liglit nights; in 
consequence of which, dew is very plen- 
tifully deposited on yojitig plants, which 
conduces much to llicir growth and 
vigour. 

Q. * Whg is evening dew IV JVVLiovetoheaithT 

A. Because it is always laden with 
noxious exhalations from the earth ; espe- 
cially in marshy countries. 

Q. Is UONF.Y-OKW a similar thing to dewT 

A. No. Honey-dew is a sweet liquid, 
shed by a very snail insect (called the 
n'phis), and deposited in autumn on the 
under surface of favouxite leaves. 

Frequently on lime ti cea, in the epring also. 

Q. Does honey-dew inju&e leaves^ or dty 
tikeni good ? ' 

A. It injures them very much, by 
filling the pores with a thick clammy 
hquid; in consequence of which, tlie 
leaf can neither transpire, nor absorb its 
needful food. 
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Q. What EFFXCT hat htmag-daw apom tha 
appearanee of a leaff 

A. After a little time, the leaf (being 
smothered and starved) begins to turn 
of a dingy yellow colour. 

Q. Are not ants very fond of Koney^dew ? 

A. Yes ; and crawl up to the loftiest 
trees, in order to obtain it. 

Q. What is the eatme of iiiBT (fir eorfk-foif)f 

A. If the night has been very calm, 
radiation of heat from the earth has been 
very abundant ; in consequence of wliich, 
the air (resting on the earth) has been 
chilled, and its vapour condensed into a 
thick mist. 

Q. Why does not the mist become dew P 

A. Because the chill of the air is so 
rapid, that vapour is con»lensed faster 
than it can be deposited ; and, (covering 
the earth in a mist) prevents any further 
radiatiop of heat. •> 

Q. When the earth can no lonffcr radiate 
heat ' upwards^ does it continue to C0NXi£N8£ the 
vapour of the air ? 

A. No ; the air (in contact with the 
earth) becopaes about equal in temperature 
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nith the eurface of the earth itself ; fur 
which reason, the mist is not condensed 
into dew, but remains floating above the 
earth as a thick cloud. 

Q. This mitt seems to rise higher and higher, 
and yet remains quite as dense below as at first. 
Explain the cause of this. 

• A. The air resting on the earth is 
first chilled, and slowly mixing with the 
air above, condenses it also into mist 
likewise ; and as layer is thus added to 
layer, the mist seems to be rising, when 
(in fact) it is only deepening. 

Q. Why does mist and dew tavisb, as the 
Bcw rises T 

A. Because the air becomes warmer 
after sun-rise, and absorbs the vapour. 

Q. Why is a dew-deop BomiD ? 

A. Because every i)art of it is equally 
balanced: and, therefore, there is no 
cause wh^ one part of the drop should be 
further from the centre, than another. 

Q. ^ Why is a dew-dbop (on a broad leaf) 
sometimes plattesed ? 

A. Because two or more drops of dew 
roU together', and make one large spheroid 
(ui flattened drop.) ’ 
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Q. will dew-dropt boll a^out eaibay0 

plant*, poppiea, ^e,, without uxtting the turfaeef 

A. Because the leaves uf cabbages 
and poppies are covered with a very fine 
waxen powder, over which the dew-(irop 
rolls without wetting the surface, as a 
drop of rain over dust. 

Q. Why doe* not a drop of rain wet tie* 
DUBT over which it roll* ? 

A. Because dust has no affinity fur 
water ; and, therefore, repels it. 

Q. Why doe* not a dew-drop wet the TOW> 
DEB of cabbage-plant* f 

A. Because the fine powder, which 
covers cabbage-leaves, has no affinity for 
water ; and, therefore, repels it. 

Q. Why will dew-drop* vOLLOverauosSf^e. 

without wetting the petal* / 

A. Because the leaves of a rose 
contain an essential oil, which has no 
affinity for water ; and, therefore^ repels it. 

Q. Why can swaes and bucks dive under 
water Mthout being wetted ? 

A. Because their feathers are coverea 
with an oUy secretion, which has no 
affinity for water; and. the^fore. repels it 
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Q. WJ>y are eurrentt of air from the land 
coliJJBK than thote blowing over water t 

A. Because the earth radiates heat 
after sun-set more freely than water; 
consequent’y, air which comes in con- 
tact with the land is colder than that 
which comes in contact with water. 

• For other ouoBtioiui rcepeoting laud and nea breexoBi nee Chaptar 
XXII., pnge f«K). 

Q. Why is not air, which •passes over water, 
so COOL as that which passes over land t 

A. Because water does not cool down 
at sun-set, so fast as land does; and, 
therefore, the air in contact with it 
remains warmer. 

Q. Why does not wateb cool down so fast 
as LA.Hci' 

A. 1st — Because the surface of water 
is perpetually changing ; and, as fast as 
one surface is made cold, another is pre- 
sented : and 

Sndly-^When water is made cold it 
sinks, and warmer portions of water rise 
to oeSupy its place : before, therefere, 
the surface of water is cooled, the whole 
volume must be made cold ; which is not 
the case with land. ‘ * 
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Q. What it the eaute af a ^pea-toup" 
tONDOK FOO ? 

A. These fogs (which occur generally 
in the winter time) are occasioned thus 
Some cuirent of air (being suddenly 
cooled) descends into the warm streets, 
forcing back the smoke in a mass towards 
the earth. • 

Q. Why are there not awatb fogt, every 
night ? 

A. Because the air will always hold 
in solution a certain quantity of vapour, 
(which varies according to its tempera- 
ture) ; and, when the air is not saturated, 
it may be cooled without parting with its 
vapour. 

Q. When do fogs occur at night T 

A. W hen the air is saturated vsith 
vapour during the day. When Uiis is 
the case, it (leposits some of its super- 
abundant moisture in the fom^of dew or 
fog, as soon as its capacity for holding 
vapour is lessened by the cold night. 

Q. Why is there very often a fog over 
MABSHEB OM BITEB8, ot night-time T 

A. Because the air of marshes is 



MIST AND FOO. 


883 


almost always near saturation ; and, 
therefore, the least depression of tempera'^ 
ture will compel it to relinquish some 
of its moisture in the form of dew or 
fog. 

Q. What it the diffebekok between dew 
tnd ram ? 

‘ A. In dew, the condensation is made 
near the earth's surface. 

In rain, the drops fall from a consid- 
erable height. 

Q. What it the cause of both dew and rain f 

A. Cold condensiiuj the vapour of 
the air, when near the point of satura- 
tion. 

Q, Why do mitt andfogrsmsa at tun-rite f 

A. Because the condensed particles 
are again changed into invisible vapour 
by the heat of the snn. 

Q< What it the difference between a Miai 
and a fos ?* 

A. Mist is generally applied to 
vapours condensed on marsl^, rivers, 
and Icdces. 

Foa is generally apphed to vapours 

^ X 8 \ 
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condensed on land; especially if those 
vapours ore laden with smoke. 

Q. What it ths reaton why eondented vapottr 
tometimet formt into ciiOUDS, and tometmet info 
rue? 

' A. If the surface of the earth is 
hotter tlian the incumbent air, the vapour 
of the earth is chilled by the cold air, 
and becomes fog : But if the air is 
hotter than the earth, the vapour rises 
through the air, and becomes cloud, 

Q. If cold air produces fog^ why is it not 
foggy on a fbosty MOiiNiNa? 

A. 1 st — Because less vapour is formeo 
on a frosty day : and 

Sndly — The vapour is frozen upon 
the ground, before it can rise from the 
eai'th j and becomes hoar-frost. 

Q. Why are foys more general in Aumur 
than in spring T 

A. 1st — Because the air in spring is 
generally much drier than in* autumn ; 
in consequence of which, it is not so 
near the point of saturation : and ' 

2ndly — The earth in spring is not so 
hot. as it is in autumn ; in consequence 
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of which, its vapour is not chilled into 
fug, as it rises into the air. 

Q. Why are fbgt more oommon in tallbtb, 
than on hilu f 

A. 1st — Because valleys contain 
more moisture than hills; and 

2ndly — 'i'hey are not exposed to suflB- 
cient wind, to dissipate the vapour. 

Q. How does wind dissipate fogst 

A. Either by blowing them away ; 
or else by dissolving thorn into vapour 
again. 

Q. What is hoar-frost ? 

A. There are two sorts of hoar-frost : 
1. — Frozen dew : and 2 . — ^Frozen foo 

Q. What is the cause of the OBOUNO hoar- 
frost, or frozen dew / 

A. Very rapid radiation of heat from 
the earth ; in consequence of which, the 
surface is so cooled down, that it freezdS' 
the dew condensed upon it. 

Q. T^y is hoar-frost seen only after a very 
CLEAR night t 

A. Because the earth will not have 
thrown off heat enough by radiation, to 
freeze the vapour condensed upon its 
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surface, unless the night has been very 
clear indeed. 

Q. Why doeg hoar-frogt very often cover 
the QKOUND and tbesb, when the water ofrvoerg 
ig not frozen f 

A. Because it is not the effect of cold 
in the air, but cold on the surface of the 
earth (produced by excessive radiation),, 
which freezes dew into hojir-frost. 

Q. Why ig the hoarfrost upon okabs and 
VEGETABLES much thicker than that upon lojly 
trees T 

A. Because the air (resting on the 
surface of the ground) is much colder 
after sun-set, than the air higher up : 
in conseciuence of which, more vapour is 
condensed and frozen there, 

Q. Why is the Ain (restitiy on the surface of 
the earth) colder than that in the higher regions f 

A. Because the earth radiates more 
heat than the leaves of lofty trees; and, 
therefore, more rapidly condAises and 
freezes the vapour of the air. 

Q. Why are evergreens often frost-bitxeh, 
when lofty trees are hot? 

A. Because they do not rise far above 
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tlie surface of the earth; and (as the air 
contiguous to the earth is made colder by 
radiation, than that in the higher regions) 
therefore, the low evergreen is often frost- 
bitten, when the lofty tree is uninjured. 

Q. Why is there little or no hoar-frost 
under shrubs and shady trees P 

A. 1st — Because the leafy top arrests 
the process of radiation from the earth. 

2ndly — Shrubs and trees radiate heat 
lowai'ds the earth; and, therefore, the 
ground beneath is never cold enough to 
congeal the little dew deposited there. 

Q. Why is there more i«)A.b-fu 08 T alony 
the shady margin of a hedge than in the open 
fields as the day advances? 

A. 1st — liecause the shade of the 
hedge prevents the dissipation of the 
hoar-frost by the sun: and 

2ndly — Because the hedge screens off 
wind an(f prevents the repose of the air 
being disturbed. 

Q. What it the eauee of that hoar-froet, 
which aritee from vrozen too? 

A. The congelation of night>fog by 
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the freezing chill of early morning, in 
consequence of which the fog is frozen 
upon every object on which it was 
deposited. 


CHAPTER XVII. 

5.— CONVECTION. 

Q. What is meant by the C05Vecti(»n of heat f 

A. Heat communicated by being 
carried to another thing or place ; as 
the hot water rising from the bottom of a 
kettle, carries heat upward in its ascent. 
{seep. 252.) 

Q. Are liquids good covuvcTons of heat T 

A. No ; liquids are bad condadors ; 
and are, therefore, made hot by con- 
tection. 

Q. Why are liquids bad conductors of heat t 

A. Because their pai-ticles (upon 
every change of temperature; are put 
into motion, and do not remain suffi*- 
ciently long in contact with each other^to 
conduct heat progressively, like a bar of 
iroij. 
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When heat iitappUed to the rarfaoe of a fluid. It la Terj §towfy 
diflhscd in a downward direction, hecauae the warmed parUclea 
eontinually ascend, without having time to impart beat to the 
particles below. 

Q. Explain how water ie made hot. 

A. The water nearest the fire is first 
heated, and (being heated) rises to the 
top ; its place is supplied by colder por- 
tions, which are heated in turn, and this 
interchange continues till all the water is 
boiling hot. 

Q. Why is water in such continual F£it* 
iiENT^ when it is boiling It 

A, This' commotion is mainly pro- 
duced by the ascending and desceming 
currents of hot and cold water. 

The CHcape of steam from the water contributes to increase this 
agitation. 

Q. Sow do thestt two eurrenU fa.88 each other f 

A. The hot ascending current rises 
up through the centre of the mass of water; 
while the cold descending currents pass 
down by the metal sides of the kettle. 

For other questions upon the subject of boiling water, see flrom 
page IIS to 222. 

* ' Q. * Why it heat applied to the bottok, 
and not to the top of the kettle t 

A. Because' the heated water always 
a^^ends to the surface; if, therefore, heat 
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were applied to the top of a vessel, tlie 
w'ater below the surface would never be 
heated. 

Q. jia the lower part of a prate is made 
nED-noT hy the fire above, why would not water 
boil if fire were applied to the top of a kettle F 

A. The iron of a grate is an excellent 
conductor; if, therefore, one part be 
heated, the heat is conducted to every 
other part : But water is a very bad con- 
ductor, and wiU not diffuse heat in a 
similar way. 

Q. jProve that water is a bap conductor of 
heat, 

k. When a blacksmith immerses his 
red-hot iron in a tank of water, the water 
which surrounds the iron is made boiling 
hot, wliile that hdow the surface remains 
quite cold. 

Q. If you wish to cool liquids, where should 

the cold he applied ? 

k. To Uie top of the liquid: because 
the cold portions will always descerd, and 
allow the wanner parts to come m con- 
‘Act with the cooling substance. 

Q. Ihes BOiLiBfQ toater get hotter by being 
KEPT dre? 
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A. ^|0 :~not if the steam be suffered 
to escape. 

Q. Whg doe* not hotting teater get hottib 
if the eteam he st^jfered to etotwe t 

A. Because the water is converted 
into steam, as fast as it boils ; and the 
steam carries away the additional heat. 

* Q Whg doe* bottp keep hot longer than 
hoiliag teater T 

A. Because the grease and various 
ingredients flouting in the soup, retard 
the ascent of the hot particles, and pre- 
vent their rising so ii'uely to the surface. 

Q. you want to keep water aoi for a 
long time, how could it be done f 

A. I3y adding a little starch, or flojir 
to the water. 

Q. Why would a little btabch, added to 
hotting water, terve to keep it hot f 

A. Because it would retard the ascent' 
of the hot particles, and prevent their 
reaching the surface of the water. 

Q. Why do thick milk, nee milk, ^c., re- 
main HOT longer than water t 

A. Because the ascent of the hot 
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particles is opposed by the flow or rice, 
which therefore cannot reach the surface 
so quickly. 

It vstktl vitihle or invitible t 
A. Steain is invisible; but when it 
comes in contact with tlie air, and is con- 
densed into small drops, it becomes visible. 
Q. HowdoyouknoiothUateamiais'VisuiJJt'i'- 
A. If you look at the spout of a 
boiling kettle, you will find that the 
steam (which issues from the spout) is 
always invisible for about half an inch; 
after which, it becomes visible. 

Q. Why it the steam invisible for half an inch T 
A. Because tlie air is not able to 
condense it, as it first issues from the 
spout ; hut when it spreads and comes in 
contact with a larger volume of air, the 
invisible steam is readily condensed into 
visible drops. 

Q. ' Why do steam-engines someUmet hwstt 
A. Because steam is veiy elasUe; 
and this elasticity increases in a ^eater 
proportion than the heat which produces 
it : unless, therefore, some vent he freely 
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allowed, steam will burst the vessel which 
confines it. 

Q. hair a consvctob ? 

A. No : air is a very had conductor; 
and is heated (like water) by convection,. 

Q. Jffow is a room tvarmed by a btoye ? 

A. The air nearest the fire is made 
•hot first, and rises ; cold air then descends, 
is heated, and ascends in like manner; 
and tins interchange goes on, till all the 
air of the room is warmed. 

Q. Whyarejires placedoutheTeuoon of a room f 

A. Because heated air always ascends. 
If, therefore, the fire were not near the 
floor, the air of the lower part of the room 
would never be heated by the fire at all. 

Q. If you tako a poster out of a fire, and hold 
the hot end oownwabdb, why ie your hand 
ecorehed with heat? 

A. Because the hot end of the poker 
heats the air around it ; and this hot air 
(in its ascent) scorches our hand. 

Q. ^ how should a beb-sot poker be carried, 
$0 ae not to hum our fingers ? 

A. With tl(e hot end upwards; for 
then the air (heated by the poker) would 
not pass over our hand andwcorch it. 
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CHAPTER XVII. 

Q. Of what it atmospheric air composed / 

A. Priucipnlly of two gases, oxygen 
and nitrogen; mixed together in the 
following proportion : viz. one gallon of 
oxygen, to four of nitrogen. 

It must not be forgotten that the air contains small quantities of 
other gaseous substances also, as vapour of water^ carbonic acuk 
und ammonia, 

Q. What do you mean by a Oab ? 

A. A permanent elastic fluid, resem* 
bling air. 

W.B— MOST OASRB AM 1MTXBI1ILB ATID TnAKSTAIIUrr, LIKB AM, 

** PEHMANENT.”— In this re-^pec' gas differs from rapour which 
la not permanent : for vapour may be easily condensed by cold into 
a liquid, but gas does not change* its gaseous form under ordinary 
pressure. 

** ELASTIC.**- -In this respect gas dlflfers from a liquid, which Is 
almost Inelastic ; whereas g;is is exceedingly elastic. 

** RESEMBLING AIR*' or aeriform.— The word **Oas*' meuhs 
mir. but air is a oompound of two gases. Some few gases arc 
wiaible, u ehtoHne^ which is a greenish yelfow. 
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Q. W^hat is the differenee hetweee a uas 
end a UQiru>? 

A. Gases are elastic, bat liquids not. 

Q. Illuetrate what it meant hjf “ ihe xiiAi> 
TICITT of gag.” 

A. If from a vessel full of gas, half 
were taken out — the other half would 
.immediately spread itself out, and fill 
the same space, as was occupied by the 
original quantity. 

Q. Prootf that a liquid ig vox elastio. 

A. If from a gallon of water you take 
hodf, the remaining 4 pints will take up 
only half the room that the whole gallon 
previously did : a liquid, therefore, is not 
elastic, like gas. 

Siriotly Hpcakingt a liquid in sliffhtly elastio ; Inaamooh as It may 
be comprwedf and will afterwards recover its former dimensious. 

Q What are the chief usee of the oxyo£9 
of the air ? 

A. To support combustion, and sus- 
tain life.* 

What ie meant, when it ie said, that the 
osugen of the air “ supports coMBUSTroir ? ’* 

A. It meaps this: It is the oxygen 
of the air, which makes fuel bum. 

T '3 



246 


Halt. 


Q. Horn doet the oxtoxn nf thfi air make 

FUXL BUBirP 

A. I’he fuel is decomposed (by heat) 
into hydrogen and carbon; and these 
elements, combining with tlie oxygen of 
the air, produce combustion. 

Q. What OAS is ^produced hy the combina- 
tion of carbon and oxygen ? 

A. Caubonic acid gar. [Seep. 38.) 

Q. What becomea of the utbbooeic of the 
tVEL? 

A. The hydrogen of the fuel comoines 
with ' the oxygen of the air, and forms 
WATERY vapour; but the combination 
is attended by the production of flame, 
owing to the very inflammable nature of 
hydrogen. 

It must be remembered, that the gas of ouming fiiel la not pur*, 
Imt earbw'etied hydrogen. 

Q. Tf^hat becomes of the kitbooek of the 
air, amidst all these changes and combinations f 

A. The nitrogen escapes unchanged 
to be again mixed with omj^en, and 
converted into common air. 

Q. What ie meant, when it ie sai^ that 
oxygen ‘'subtaibb ufe?” 

A. It means this : If a person could 
not inluile oxygen, he would die. 
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Q. Wiat oooD doei thit intpiration oj 
oxpgen do f 

A. 1st — It gives vitality to the blood ; 

and 

Sndly — Is the cause of animal heat. 

Q. ITow it food converted into blood P 

A. After it is swallowed, it is dissolved 
,in the stomach into a ffrey pulp, called 
CHYME ; it then passes into the intestines 
and is converted by the “bile” into a 
milky substance, called chyle. 

CtiyinCiprofioMfMtfkyme; chyle, /rronoMfMwkyle; eoehatontiifUahUm 

Q. What BECOMES of the milky tahtteneo 
ealled chyle? 

A. It is absorbed by the vessels 
called “ lacteals,” and poured into the 
veins on the left side of the neck. 

** Lacteals,” prorunmee lac-te^ls. 

Q. What becomes of the chyle, aeteb it it 
poured into the veins f 

A. It mingles with the blood, and is ‘ 
itself concerted into blood also. 

Q. How doet the oxygen we inhaU, XDroLB 
t^h tie blood t 

A. The oxygen of the air mingles 
with the blood in the lungs, and converts 
it into a bright red colour 
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Q. What eohur i§ the blood ^efobe ii u 
osidized in the lungs f 

A. A dark purple. The oxygen turns 
it to a bright red. 

Oxidised, i.e.. Impregnated with ozjgea. 

Q. Why are pertone to r axe, who lire tn 
roome and eitieaf 

A. Because the air in close rooms 
and cities is not fresh; and being de-' 
fident in oxygen, cannot turn the blood 
to a beautiful bright red. 

Q. Why are person* who lire in the open 
atr and in the country, of a bxtdot complexion t 

A. Because tliey inhale fresh air, 
which has its full proportion of oxygen : 
and the blood derives its bright red 
colour from the oxygen of the air inhaled. 

Q. Why is not the air in cities so fbesb, 
a* that in the oountbt ? 

A. Because it is impregnated with 
the breath of its numerous inhabitants, 
the odour of its sewers, the snfyke of its 
fires, and many other impurities. 

Q. Sow doe* oxyyen convert the colour cf 
thod kUo a bright bed P 

A. The cotouring matter of tlie blood 
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18 formed’of very miuate globules, boating 
in it ; the oxygen (uniting with the coats 
of these globules) makes them milky — 
and the dark colouring matter of the 
blood (seen through this milky coat) 
appears of a bright red. 

Exp. : If you put aome dark vmout ulood Into a m«/Aw glam, 
%iid hold it up towards the light, it will appear of a bright florid 
eiilour, like arterial blood. 

Q. Hote does the combination of oxygen 
with the blood produce animal hcat ? 

A. The principal element of the blood 
is carbon ; and this carbon (combining 
with the oxygen of air inhaled) produces 
carbonic acid gas, in the same way as 
burning fuel. {Seep, 39.) 

Q. What becomet of the nitrooev of the 
air after the oxygen enters the blood t 

"A It is tlirown out from the lungs 
unchanged, by the act of breathing; to 
be again^ mixed with oxygen, and con- 
verted into common Ain. 

• Why does the citiated air {after the 
oxygen has been absorbed) coaie OUT qf tiu, 
tfODTH, and not 'sink into the stomach f 

A. Because it is diiven out bv the 

a • 
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contraction of the avails of the chest, and 
there is.no vacant space in the cavity ot 
the gullet and stomach for it to fall into. 

N.B.— The IvsigB are a hollow ipcfipy mau, capable of holding 
air, and ot being dilated. They are situated In the thorax (or 
ehest), that the air tnuMi enter into them, whenever the cavities of 
the thorax are enlarged. The process of breathing is performed 
thus : 'When we imkals, the tnorax (or chest) is expanded ; in 
oonsqenence of which, a oacuum is formed round the /imps, and 
heavy external air instantly enters (through the mouth and throat)^ 
to supply this vacuum. 

When we kxhai.x, the thorax eontraets again ; in consequenee of 
ahich, It can no longer c<intain the same quantity of air, as it did 
before ; and some of it is necc.«sarii>- sxpeilea. W hen this « xpulsion 
of air takes place, the muscular hta cs, which form the door ol lha 
chest, lontractt in order to assist the process. 

Q. IJ (both in cornbttation and re^iration ) 
the OXYGEN of the air ts consumed, and the 

NITBOOEN REJECTED Why are UOl the PBOPOB- 

T10N8 o/ the air destboyed ? 

A. Because the under surface of rege- 
table leaves (during the day) gives out 
oxygen ; and thus restores to the air the 
very element of which it has beeu deprived. 

Q. Whence do leavei obtain the oxygm^ 
fthich they exhale f ^ 

A. From the carbonic add, absorbed 
by the roots from the soil, and caiiied 
to the leaves by the rising sap. 

N.R.— Chrhonie add (it moot be cvmmih cr edj is a compound of 
cei ben and oxygin. 
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Q. Uqw io pJantt contrive to abeorb ear- 
bonie acid fivm the toil T 

A. It rises (by capillary attraction) 
through tlie small fibrous roots, after it 
has been dissolved iu tlie soil by water. 

Q. Whence doen the soil obtain carbonic acidt 

A. 1st — From the air; from which 

it is driven by falling si lowers : 

2ndly — From the decomposition of 
vegetable and animal matters, which 
always produces tliis gas in abundance : 
and 

3rdly — All lime-stone, chalk, and cal- 
careous stones, contain vast quantities 
of carbonic acid in a solid slate, and the 
presence of any acid sets it free. 

Calcareous, i*e. of a limy nature. 

Q. ^ leavet throw off the OXYGEN of the 
edrbonie arid, what hecamet of the carbon I 

A. It is retained to give firmness and , 
solidity to the plant itself. 

Q. SSow how God hat made animal life 
dependent on that ff vegetables. 

A.* Animals require oxygen to keep 
them alive, and draw it from the air by 
.inspiration: The under surface of kaw* 
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gives out oxygen ; and thus si^pplies the 
kir with tiie very gas required for the use 
of animals. 

Q. Show how Ood hat made tbostab!.! 
l^e dependent on that of animalt. 

A. Plants require carbonic add, which 
is their principal food ; and all animals 
exhale this gas from their lungs. Thiia 
animals supply plants with carbonic acid, 
and plants supply animals witli oxygen. 

Q. Sow it air heatxd 

A. By “ convective currents." 

Q. Sxplain what it meant hy “ contbotitb 

CITBBXKTS.’’ 

A. When a portion of air is heated, 
it rises upwards in a current, canning 
heat with it: other colder air sweeeds, 
and (being heated in a similar way) 
ascends also : and these are called con- 
vective currents.” 

••ConTectlTe currenta”— «o called from the Tjitin words, rurntutm 
fw (oarrtod with) ; because the heat is ** carried wi«.h** the current. 

Q. Jt atV heated by the raye of the suv P 

A. No; air is not heated (ih any 
sensible degree) by the action of tiie 
sms rajis passing through it 
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Q. Wiy it the air HOTTXB on a sshkt 
Jttj/, than on a omvdt onef 

A. Because the sun heats the m- 
face of the earth, and the air (resting on 
the earth) is heated hj contact : as soon 
as it is heated it ascends, and its place is 
supplied by colder portions, which are 
Jieated in turn also. 

Q. If air he a bad conductor^ why does hoi 
iron become cold^ by exposure to the aib ? 

A. Because it is made cold; 1st 
— By “convection;” and Sndly — By 
“ ramation." 

Q. How Mot iron made cold Jy con v SCTION ? 

A. The air resting on tlie hot iron 
(being intensely heated) rapidly ascends 
with the heat it has absorbed ; colder air 
succeeding absorbs more heat, and as- 
cends also ; and this process is repeated, 
till the hot iron is coin|!letely cooled down. 

Q. How it hot iron cooled hy radiation P 

A. While its heat is being carried 
off T)y “ convection,” the hot iron 
throws off heat, (on all sides) by radiation 
also. 



Q> What it meant hg itA»iATi<\ir ? 

A. The throwing off of heat (in all 
directions) from the surface of a hot body. 

vttm once tbouirht that heat waa emitted from hot 
bodiea in the foim of rays. 

Q. How it toup COOLED Ip hemp left etpoted 
to the AIK? 

A. It throws off m»e boat by radio- 
lion; but it is mainly cooled down by 
convection. 

Q. How it hot toup cooled down bp cos- 
TECTION P 

A. The air resting on the hot soup 
(being heated) ascends; colder air suc- 
ceeding absorbs more heat; and ascends 
also; and this process is repeated, till 
the soup is made cool. 

The particles on the surface of the broth $mk as they arc cooled 
•own, and trormer pnrticUvi rue to the surface; which greatly 
ascista the cooling process. 

Q. Why are hot tea and soups COOLED the 
faster for being stirred about? 

A. 1st — Because agitation assists 
VI bringing the hottest particles to the 
surface : 

Sndly— The action of stirring agitates 
’the air, and brings it more quickly to the 
soup or tea : and . 
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8rdly— 'As the hotter particles are 
more rapidly brought into contact with 
the air, convection is more rapid. 

Bloving te* or broth eooln it also. p, 186.) 

Q. i/^ shutter he closed in the datf-thne^ 
the stream of light (piercing through the crevice) 
seems in constant agitation. Wiir ^ this? 

, A. Because little moles and particles 
of dust (thrown into agitation by the 
convective currents of the air) are made 
visible by the strong beana of light, 
thrown into the room through the crevice 
of the shutter. 

Q. can we not bkb the air f 

A. Because it is perfectly transparent, 
i. e. permits all the rays of liglit to pass 
through it without rellecting any. 

. Q> Why does water JtVin in a common pump t 

A. Because the pressure of the ait 
is removed from the water in the pipe of 
the pump by the action of the sucker ; 
but not from the water in the well. 

TakM tube (shaped like a U) partially flllctl with vater. and let 
an equal veight be titied to eacn oritlcc : ao long as the weights are 
undisturbed, the water will remain at the same level on both sides 
of the tube; but if one weight be removed, its plane will be 
Instantly occupied with \ui equal weight of water. Bo in a pump, 
the air may be oompajred to these two weights ; as the action of the 
■acker removes one, water rushes into the pipe to oonnterbalaiies 
the weight of eir presfii*****^ (he water in tb»^ell. t 9 
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Q. Hwjo high eon atmonpherie^ PUSSirnK 
make water rue in a pipe of a pump f 

A. About 30 feet above the level of 
the water in the well. 

li would be nearly S4 feet If the pump were of perfe-t oonotrue- 
tkm. Rfcaurtc u eoliiiim of water 34 feet niich, wtdiriis the same as an 
equal-size colutnn of air, reueUinir to the top of the atmosphere. 
N.B.— The atmospheric pressure is 15 pounds on eat li s'^uarcinch. 

Q. How in water pumped from a well more 
than 30 feet deep It 

A. The piston-rod is made to extend 
witliiu 30 feet of the water in the well ; 
and when the water has risen thus high, 
it passes through a valve in the sucker, 
and is lifted, out of the pump by the 
piston box. 

The water ia HfU'd from deep and never miraeif up beyond 

30 feet. 

Q. doe* a typhon euptit a veaael of 

U* liquid f 

A. Because one side of the bent 
tube being longer than the other, con- 
tains a greater weight of water, and the 
balance is destroyed. ' 

The nncquai weight of water In the two tubes, cauiiei thOf water of 
•the longer tube to fall out and produce a vacuum. In a common 
PUMP the VBOunm is produced by tne mechanical action of thocueker. 

Q. Whg is it often difficult and painful to 
treaike on a mountain top f 
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A. Because the pressure of the lur 
on a mountain top is not so great as 
on a plain. Consequently the fluids in 
the body expand, and painfully stretch 
the membranes which contain them. 

Q. WTiy do we often feel ofpub8S£]> juU 
previous to a storm? 

' A. Because the air is greatly rarefied ; 
and the removal of pressure from the 
surface of the body, causes a painful 
distension. 

Q. How do you know that the density of 
the air is lowered, previous to a storm? 

A. Becaiise the mercury of a barome- 
ter rapidly falls. 

The mercury In the tube of the barometer te held up, like the 
irater in the tube of the pump, by the pressure oCthe atmosphere. 

• Q. Why do COHNS ache previously to kain ? 

A. Because the rarefied state of the 
air causes distension in the tissues of the 
feet ; and as the hard corn cannot swell 
equally with the softer parts, irritation 
is produced in the fibrils of the nerves. 

Q. Why do OBLIABS feel wabu in wikteb ? 
A. Because the external air has not 
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free access into them ; in consequence of 
which, they remain almost at an even 
temperature; — which (in winter time) is 
about ten degrees warmer than the 
external air. 

Q. Why do cold in bvumkbP 

A. Because the cxteniul air has not 
free access into them ; in consequence of' 
which, they remain almost at an even 
temperature, — which (in summer time) is 
about ten dcgi’ees colder than the ex- 
ternal air. 

Q. Why does aib rttst mow ? 

A. Because the oxijijen of the air 
combines with the surface of the metal, 
and produces oxide of iron: which is 
generally Called “ rust.” 

An oxide of iron, copper, &e., is oxyii;cn in combination with 
iron, copper, &c. 

Q. Why does hot iron scale and peel of 
when struck with a hammek 

A. Because the oxygen of the air 
very readily unites with the surface of 
hot iron, and forms a metallic oxide (or 
rust), which scales off, when struck with 
a hammer. 
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Q. Ikn iron bvbt in sbt a*r f 

A. No; iron undergoes no change 
in dry air. 

Q. Why do btotes and FiRE-inoHS beeomo 
BUSTY in rooms, which are not occuriBS? 

A. Because the uir is damp; and 
moist air oxidizes iron and steel. 

^ Oxi(UR(*it, i.c. rusts. 

Q. In what part of the year is it most diffi- 
cult to keep STOTKS aiul fibe-iuods bbiqht? 

A. In autumn and winter, 

Q. Why is ti more dtffieuU to keep btotbs 
and fire-ibo:7s bright in autumn and winter, 
than in spring and summer t 

A. Because the capacity of the air 
for holding water is constantly on the 
decrease, after the summer is over; in 
consequence of which, vapour is deposited 
on everything with which the air comes 
in contact. 

Q. Why does OBEA.SIVO iron prevent Us 
becoming busty P 

A. Because grease prevents the 1) ti- 
midity of air from coming in contact 
with the surface of the iron. 

Q. Why do hot stoves rust, so frequently a$ 
FOKBBS and TOE 08 ? 
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A. Because stoves are generally cov- 
ered with plumbago, or black lead. 

Q. Tfhat is plumhaffo or black lead ? 

A. A mixture of charcoal and iron. 

PlumbafTO (atrictly aponkinfr) In a chemical union of carbon and 
iron)t in the following propoi tUms -Ol carbon anil 9 iron. Hut 
the BLACK LKAD Rolil tn HhojiH Is it inixturc of charcoal anil iron filings. 

N.B. — A muBt excellent vnmif>h to prevent rust is miulc of 1 pint 
of fat oil varnish, mixed with 5 pints of highly reclitiud spirits of 
turpentine, nibbed on the iron or steel with a piece of sponge. This 
varnish may be applied to bright stn^-rs, and even mathematical 
laatrumcnts, without injuring their delicate polish. 

Q. Wh y does ornamental st f.kl {of a purple 
or liTLAO colour) rust more readily^ than polished 
WHIT£ steel ? 

A. Because the lilac tinge is produced 
by partial oxidation; and tlie process 
which forms rust has already commenced. 

Q. Hiow eon lUae steel he kept rsKsfrom 
bust ? 

A. By keeping it in a dry place. 

Q. DET AIB eontains oxygen, why does 
it HOT bust ikon, as well as moist air ? 

A. Because moisture is necessary tc 
bring into action the affinity pf oxygen 
for steel. 

Water ia decomposed by contact with iron ; but It is chiefly the 
ecvtfcn of water which n/sfs iron. Kven dry air oxidizes iron at a 
high temperature ; thus a red-hot poker is rusty, when It cools. 

Q Do any other metals {besides iron) eom^ 
line rapidly wUk 
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A- Yes ; copper, zinc, lead, mercury ; 
and even silver oxidizes to some extent 

Q. Why do ooppsb and ziiro tamith t 

A. The tarnish of copper and zinc 
is caused by their oxidation; that is, 
oxygen from the moist air combines with 
the surface of the metals, and (instead 
* 'f rustiiuf them) covers them with a dark 
tarnish. 

Q. Whf/ does LEA1> become of a dabkkb 
by being exposed to the air / 

A. Because the oxygen of the moist 
air combines with the lead, and oxidizes 
its snrface; which instead of becoming 
rusty, assumes a darker hue. 

Q. Why does lead lose its brightness, and 
become dull, by being exposed to the airf 

A. The dullness of the lead is caused 
by the presence of a carbonate of the 
oxide: When the oxide is formed, it 
attracts carbonic acid from the air, and 
by combining with it, produces a carbon- 
ate, lyhich gives the dull tint to old lead. 

Q. Why U it difficult to keep silver nniont^ 

. A. Because the vapour of the air 
oxidizes its surface, and tarnishes it 
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The umlfib ol rilTer forkn uid spoaiu, 1» often du» to the pnlj^hiif 
and sulphuretted hydiogen of certain foods united to the silver by 
udiva, according to a regular galvanic process. N B.— M'lthnut 
oillva, egg spoons, &c.. uill not tarnish from food, because iLa 
galvanic influence is not Drought into action. 

Q Why do tilver tea-potb and stoove 
tamiih more quickly than tilver ore or bullion f 

A. Because alloy of some hater meta. 
is used, to make them more hard ana 
lasfintf; and this alloy oxidizes more 
ijuickly, than silver itself. 

Q. Jf'hy does Gebuaii tilver turn a dingy 
yellow in a few hourt f 

A. Because German silver has a great 
affinity for oxygen ; and shows its oxida- 
tion by a yellow tarnish, instead of rust. 

Q. JjT quicksilver (or mercury) will tarnish 
like copper and lead — why does it preserve its 
brilliancy in babohetf.bb and tbebmohexebs ? 

A. Because the air is excluded ; and 
no moisture can come in contact with it, 
to oxidize, (or tarnish) it. 

Q. Is QOVD affected by the atmosphere t 

A. Not readily; gold wjH never 
combine with oxygen of itself, (L e. 
without aid). 

Q. Which of the metals is eapaile qf resist- 
ing oxidation altogether t 

A. Plat'inum; in consequence of 
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wh'ich, lihe graduated arcs of delicate 

instruments for observation” are made 
of plat'inum, in preference to other metals. 

Before plat'inum woa known, goid wm used for tbit purpose. 

Q. Why u PLAT'IN CM used for the graduated 
arcs of delicate mathematical instruments^ instead 
of any other metal ? 

. A. Because it will never oxidize ; but 
retains its briyht surface in all weathers, 
free from both rust and tarnish. 

** Platinum/* (u white metal,) so calk'd from **plata,*' the Bpaniek 
word for «f7t*er. It uus intrmluccd from South America mlo £iif« 
land by Mr. Wood. (A.D. 174U.) 

Q. Jbr tebat other bcientifio purpote is 
flaxi'nvm now used? 

A. For the construction of crucibles 
in which acids are to be employed ; and 
for the formation of some of tlie plates 
f> -r galvanic batteries. 

. Q. Why are cnocistES (in which aetde are 
emphyed) made of flat'ikvu P 

A. Because the acid would act upon 
other metals, or upon glass ; and prevent 
the experimenter’s success. 

Q. Which of the hexals haee the greateet 
affinity for oxtoev ? 

A. Those ' called potas’sium and 
so'dirm. 
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r(»CM*rinm Md ■o'diam d«iT« i;h«lr aaciM Arom potMh midlioilft 
Pouus*MiitheDzideofpotM^«iuiii; andiiodftlstheozidrof rio'dium 

Q. How it the q^nitjf qf potat'oium ano 
w'diumfor oxygen theumf 

A. They decompose water immediately 
they are brought into contact with it. 

Q. What effect hat POTASaiiru on water T 

A. It decomposes it. The hydrogen 
being set free, combines with the oxygen* 
of the air, and is ignited by the latent 
heat liberated from the potassium. 

N.B.—'Water in oorapwied of oaygen and hydroRcn ; Potasttimi 
Hparatei thcfie two eraiict 

Q. What effect hat bodtum on water f 

A. It does not produce jlaiiic, as 
potassium does; but it decomposes water, 
and undergoes very rapid oxidation. 

Q. It tlus FDRR of KETi'Lcs an oxidcf 

A. No ; the furr (or deposit 
boiling water) is a precipitate of limt 
and mineral salt, separated from water 
by the process of boiling. ' 

Q. It not the fuub of boiling xoatet often 
DXSQBBOVS P 

A. Yes ; especially in tnhulnr boilers, 
such as those employed in railways. 
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Q. Why it FUSB etpeeially irouhletonut in 
It A iirwiLT engines f 

k. Because it b a bad conductor of 
heat : in consequence of which, it hinderti 
the process of evaporation; and as more 
fuel is required to pro«luce the needful 
amount of steam, a great waste of fuel 
is incurred. 

Q. Why is fubb especially ua.noxboD8 in 
BBiLwaY engines ? 

A. Because the boilers are likely to 
become over-heated, when furr is deposited 
in them, as the water is no longer in 
immediate contact with the metal itself: 
When this is the case, explosion may 
occur from the sudden generation of 
highly elastic steam. 

* Q. Why are eailwaf engines never fed with 
BBACEISU uialer ? 

A. Because brackish water contains 
much mineral matter; which causes a 
large,deposit of furr. 

Furr may be removed from kettles by boUinff in tbcin t little snl* 
ftmmoniao (hydrorkhrat^ of ummonm). The hydrochloric acid 
unites with the lime of the fuir, and the carbtinio go(» to the 
sjumonia. Both of these now comiiounds dissolve, and wash awaj 
nuMtsasiif 
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CHAPTEll XIX. 

CARBONIC ACID GAS. 

Q. IFiai it cabbonio acid T 

A. A gas formed by ihe union of 
mrhon and oiygen : It used to be called • 
“fixed ajr.” 

3 IbA of carbon and 8 IbA. of Qxyfvn will form II Iba. of oarbonlo 
acid. It may bo ubtsiinud and collected In the usual way, by 
INnirinfr a mixture of one part of iiiiiriaiio acid, and 10 of water, on 
pounded marble contained in a retort. 

Q. Under what circumstance does cabboh 
most readily unite with oxyqen ? 

A. 1st — When its temperature is 
raised : I’hus if carbon be red hot, oxygen 
will most readily unite with it : and 

Sndly — When it forms part of the 
fluid blood, 

Q. Why do oxygen and carlon so readily 
unite in the BLOOD ? 

A. Because the atoms of c<irbon are 
$0 loosely attracted by the otlur materials 
of the blood, that they unite veiy readily 
with the oxygen of the air inhaled 

Q. h ea -homr acid wbolesoux ? 
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*A. No; it is fatal to animal life; 
and (whenever inhaled) acts like a nar* 
cotic poison, producing drowsiness, which 
sometimes ends in death. 

Q. How can amy one know, ^ a place ie 
in/eated with carbonic acid gasf 

A. If a pit or well contain carbonic 
' acid, a candle (let down into it) will be 
instanllij extinguished. The rule, there- 
fore, is this — Where a candle will hum, 
a. man can live ; but wliat will extii^uisk 
a candle, will also dcstrog life. 

Q, Why does a mineu lower a Candu to 
the bottom of a mine, before he descends / 

A. Because a candle will be extin- 
guished, if the mine contain carbonic 
acid gas : but if the candle be not extin- 
guished, a man may fearlessly descend. 

Q. Why do well-sinicers often let down buckets 
jffresh-slacked UMS in wells, before they descend/ 

A. Because if carbonic acid be pre- 
sent, th% lime will absorb it to form 
corl^pnate of lime. 

Q. Why does a obowdes booh produce 

BXAD-ACSBi' 

A. Because its air is vitiated by the 
action of many Human Iftngs. a m v 
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Q. Why it the air of a room tixiated by a 
CBUWO ■’ 

A. Because it is deprived of its due 
proportion of oxygen, and laden with 
carbonic acid. 

Q. HowUtheair of aroomvifiateJbyacroiedf 

A. The elements oi the air inhaled are 
separated in the lungs : A part of the 
o\'yf![en is converted in the blood into 
carbonic acid : and then thrown back 
again with the breath into the room. 

Q. Why aresailors occasionally killed when 
tent to examine the well of a ship ? 

A. Because it contains carbonic acid, 
probably given off from some part of the 
cargo, in consequence of its fermentation. 
This gas remains in the lowest hollows 
of the hull, in consequence of its great 
weight. 

Carffoes of lice and coffee Munetimen irct damp from leakage, and 
then fVrincul and throw titf va^t qiianntieii of cnrbonic acid. Mar*th 
I, 1817, four moil were killed in toe trading ‘dnp. Gryb Hawoody^ n 
Its voyaere fiom Ciileutu, in conocqucnce of hein^ lient to examine 
the well Gontulninir carbonic acid, given off from some damp rice. 

Q. Mention the hutorical circumatancss, ao 
well known in connection with the Black 
Hols’* of Calcutta, 

A. in tlie reign uf George II., tlie 
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Raja (op Prince) of Bengal marched sud- 
denly to Calcutta, to drive the English 
from the country; as the attack was 
unexpected, the English were obliged 
to submit, and 146 persons were taken 
prisoners. 

The 9ar ima, at Dowlat ; a yoiinff man of violent paeatonis who 
had but Just succeeded to the thione. A.l). 176U. 

Q. What became of these prisoners t 

A. They were driven into a place 
about 18 feet square, and 15 or 16 feet 
in height, witli only two small gratea 
windows. 123 died in one night; and 
tof the 23 who survived) the larger por- 
tion died of puti’id fevers after they were 
liberated. 

Q. Why were 123 persons BurroOATSD in 
a few hours, from confinement in this close hot 
'm&ixs-hole / 

A. Because the oxygen of the air was 
soon consumed by so many lungs, and its 
place dhpplied % carbonic acid, exltaled 
wilJh the hot breath. 

Q. Why did the captives in the Black 
Holk die BLEBvnvo? 

A. Ist — Because the absence of oxy~ 

A AS 
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ym quickly afiects the vital functioils, 
depresses the nervous energies, and 
produces great lassitude : and 

Sndly — Carbonic acid (being a narcotic 
poison) produces diowsiness in those who 
inhale it, before it kills them. 

The floor of the Grotto del Can«, In Italy (i.e. Chrem of Doge) !■ 
alwaye laden nith carbonic acid. It is a common practice with the 
Ktiidcs who tihcw it, to drive dogH in, and cause them to RuflVr a 
temporary death. A man may safely enter the cavern, becauRe hia 
mouth reachea fur above the noxious gas, which, being nearly twice 
as heavy as air, sottlcR on the bottuin of the cave. 

The Lake Avemo, which Virgil supposed to be the entrance to the 
infernal regions, gives out w> much of this gas that birds, flying over 
lti are suffocated. Inkc Averno means, the lake dcxtructive to birds, 

Q. Wh^ are the jungles of Java and Uin^ 
dostan 80 FATAL to life f 

A. Because vast quantities of carbonic 
acid are thrown off by decaying vegetables 
in these jungles ; nml (ns the wind cannot 
penetrate the tliick brushwood, to blow 
the pernicious gas away) it settles there 
and destroys animal life. 

The Valley of Death, in Java, is covered with the skeletons of 
b'rds, bcaHts*, and human l)eings, whir U have been suffocated by the 
earbomo acid gas u hich abounds in the fatal valley. 

Q. TTht/ do persons in a crowded caq^ca 
feel DEOWST? 

A. 1st — ^Because a hirge portion of 

the oxygen of tlie air, which alone can 
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sustain haalthy action, has been consa> 
med by the lungs of the congregation * 
and 

Sndly — The air of the church is im- 
pregnated with caihonic acid gas, whict 
Jbeing a strong narcotic) produces drow- 
siness in those who inhale it. 

Q. TFXy do pertons, tcho are much in the 
OPEN aiB, enjoy the beet health t 

A. Because the air they inhale is 
mmA more pure. 

Q. Why ie COPNTET AIB more pure, than 
the air in cities ? 

A. 1st — Because there are fewer 
inhabitants to viti.ite the air : 

Sndly — ^I’liere are more trees to restore 
the pure character of the vitiated air : and 
•Srdly — The free circulation of air 
prevents tlie accumulation of vitiated 
products. 

F(ir the wim^reamn, nmnlnir fitreains arc pure and wholeaome, 
whiU* ttagnont vatcrH ure the cuntrary. 

Q-. the SCANTINESS of a country 

population render the countbt aiii more pure f 

A. Because the fewer the inhabitants, 
tlie less carbonic acid will be tlirown into 
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the atmosphere; and thus country people 
inhale pure air, instead of air impregna- 
ted with carbonic acid gas. 

Q. Why do trees and flowers help to make 
country air wholesome? 

A. 1st — Because they absorb the car- 
bonic acid generated by the lungs of 
animals, putrid substances, and other 
noxious exhalations : and 

2ndly — Trees and floAvcrs restore to 
the air the oxycjen, contained in the 
carbonic acid, which they absorb, 

Q. Why is the air of cities less wholesome 

than corNTJi V air f 

A. 1st — Because there are more 
inhabitants to vitiate the air: 

Jindly — ^The sewers, drains, bins, and 
filth of a city, very greatly vitiate the tur : 

3rdly — The streets and alleys prevent 
a free circulation ; and 

4thly — ^There are fewer tree? to absorb 
the excess of carbonic acid gas, and 
restore oxygen. < 

Q. Why are persons, who live in close rooms 
md erowded cities, yeneralljf bioxit? 

A- Bec^se the air they breathe is 
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not pure* but is both defective inox^yeu, 
and also impregnated with carbonic add 

Q. Where does the carhonie add of cloee 
rooms and dlies com e from f 

A. From the lungs of the inliabi* 
tan Is, the sewers, drains, and other like 
places, in which organic substances are 
* undergoing decomposition. 

Q. What BECOMES of the carhonie acid of 
crowded cities ? 

A. Some of it is absorbed by vegeta- 
bles ; and the rest is blown away by the 
trind, and dillused through the whole 
volume of the air. 

Q. Does not this constant diffusion of car- 
bonic acid affect the PDKixr of the whole airf 
No : because it is wafted by the 
wind from place to place, and absorbed 
in its passage by the vegetable world. 

Q. What is CHOKE DAMP P 

A. Carbonic acid gas accumulated at 
the jH.ttom of wells and pits : which ren- 
ders them noxious, and often fatal to life. 

Q.* Why is not this carbonic acid taken Vt 
by the air and srTFOSBU, as it is in cities f 
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A. Because it cannot me'fi’om .the 
well or pit, in consequence of being 
heavier than air ; and no wind can get 
to it, to help its diffusion. 

74A atoms of carbonic acid weigh as much as 100 lbs. of atmos- 
pheric air. 

Q. Why are persona sometimes killed ^ by 
teaming over beer vats? 

A . Because vats (where beer has been* 
made) contain large quantities of car- 
bonic acid gas, produced by the “ vinous 
fermentation ” of the beer ; and when a 
man incautiously leans over a beer vat, 
and inhales the carbonic acid, he is 
immediately hlled thereby. 

Q. Why are persona often KiLi.Ei>, who enter 
BEER VATS to clean them ? • 

A. Because carbonic acid (being hea- 
vier than atmospheric air) often rests u]»un 
the bottom of a vat : when, therefore, a 
person enters it, and stoops to clean the 
bottom, he inhales the pernicious gas, 
which kills him. 

Q, Why are persons sometimes killed by haring 
« OBAROOAL FIRE in their bed rootns f 

A. Because the carbon of burning 
charcoal unites ' with the oxygen of air; 
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and funfiff carbonic aMd go* ; which is 0 
narcotic poison. 

Q. ^ ^carbonic acid settlet at the bottoh iff 
a room, how can it injure a person LTING upon a 
UKi>, raised considerMy tdtope the floor t 

A. All gases dijjuse themselves through 
each other, as a drop of ink would diffuse 
Jtself through a cup of water. If, there- 
fore, a person slept for 6 or 8 hours in 
a room contaiuing carbonic acid, quite 
enough of the gas will be diffused through- 
out the room to produce death. 

The hfrtt of the fire aseivtR the ptoncNii of dilhiNhNi. 

Q. fF" hat are the chief sources of uabborio 
ACID ? 

A. 1 st — The breath of animals : 

2udly— The decomposition of vegeta- 
ble and animal matter : and 
* Srdly — Lime-stone, chalk, and all cal- 
careous stones, in which it exists in a 
solid form. 

Q. which of these sources ts earbonie 

aeidmost likely to ACCtniUiiATX to anoxious extent T 

a! From the fermentation and putre- 
faction of decaving vegetable and animal 
matters 
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Q. Kow ean thu aeeumulation of earhonU 
aeid be pbxtevtkdP 

A. By throwing fresh-slaked lime into 
places, where such fermentation and 
putrefaction are going on. 

Q. J£oto will raBBB'SLAKKD LIME ftreoeni 
the aeeumulation of earbonie acid ? 

A. By absorhbig it ; and producing a 
combination called “carbonate of lime." 

When lime le alnkod, ell Ite eerbonie ecid is driven off by the 
heat ; therefore, it is free l(> combine with more. 

Q. Doef not heavy rain prevent the acenmu- 
lotion of earbonie acid, as well ae quick-lime ? 

A. Yes ; an abundant supply of water 
will prevent the accumulation of carbonic 
acid, by dissolving it. 

N.B.- Hed heat (as a pan of red-hot C'^als, or a piece of red-hit 
Iron) will also diapcrite the carbonic acid gas accumulated in i 
pit or wolL 

Q. What effect has carbonic acid on the 
WA-TKR, in which it is dissolved}^ 

■ A. It reuders it slightly add to the 
taste. 

Q. Can the capaottt of water for diesolving 

earbonie acid be increased J 

A. Yes. Carbonic acid rat\y be /orerd 
into water by pressure to a considerable 
extent 
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Q. Hm» nmch earboaie oeuf gat u faretd into 

ARBATID WATBB8 ? 

A. About five times tbeir own volume. 

Q. Which of the aerated watm it the moU com- 
mon t 

A. That called soda water, though it 
very rarely contains any soda. 

• Q. Of what then it it made 1 

A. Chalk or lime and sulphuric acid 
added to water. 

Q. What effect doet tint mixture produce t 

A. The lime and acid combine into 
“ sulphate of lime,” and give off carbonic 
acid us a gas. 

Q, Whai effect has this gas on the water f 

A. It makes it sparkle, and gives it a 
pungent acid fiavour. 

• Q. W/ien the cork is drawn why does the water 
effervesce f 

A. Because much of the imprisoned 
gas flies ^ut, and in so doing pushes into 
bobbles the water which obstructs its 
passage. 

Q. What causes the mist or fine shower when 
the cork is suffered toffy out suddenly / 



278 


OABBOMIO ACID. 


A. It is partly due to water driven out 
of the bottle by the escaping gas, and 
partly to the sudden expansion of the 
imprisoned air. 

Q. Hovd does the sudden expansion of the tm> 
prisoned air contribute to this effect f 

A. When air expands, its temperature 
declines, and can no longer hold sus- 
pended the same quantity of vapour it 
did before. 

Q« What becomes of it ^ 

A. It is given off, just as rain is, when 
the atmosphere is saturated and its tem- 
perature falls. 

Q. What produces the carbonic acid gas of gin- 

GBB BEER, BOTTLED PORTER, and SPARKLING WINES? 

A. The vinous fermentation which 
goes on after they are bottled and corked 
'down. 

Q. Whg is there less froth in draught than in 

BOTTLED ALE ? 

A. Because some of its carbonic acid 
gas escapes every time the ale is drawn. 

Q. Why does the effervescence of porter last 
ianger than tlsat of water and wine ^ 
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A. Because porter being more sticky 
nnd thick, the bubbles of its froth do nut 
break so soon. 

Q. Why does fresh sPitiN'a water sparklk 

trhea poured from one veitsel to nnntker? 

A. Because fresh spring and pnmp 
water contain carbonic acid : and the pre- 
sence of this gas makes the water simrkle. 

Much of the froth and bubhling of ale, beer, w:«ter, &o.» when 
they are “poured high,'* ie due to cuniuion air iinpriKmed bj the 
action of drupiiing a utcr. 

Q. What is the fermentation of beer arui 

WINE ? 

A. The escape of carbonic acid, pro- 
duced by the change of swjar into akohoK 
IT Q. What is al'cohol ? 

A. The spirit of beer and wine ob 
Nained by fermentation. 

Q. Of what ELEMENTS M ALOoHoti eo/rpossil * 

* A. Of carbon, oxygen, and hydrogen. 

Of Aloohoi,, 4 parta are carbon ; 2 oaygen ; and 0 hydrogen. 

Q. What are the elementh if grape sugar ? 
A. Cirbon, oxygen, and hydrogen, all 
^ual proportions. 

Q. What OHAHOES does booar undergo by fee* 

HEVTATIOM? 

A. It is first decomposed; and then 
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its elements re-unite in diflTereAt propor- 
tions ; producing atcohol, carbonic acid, 
and water. 


Of flt'OAR* nne portion in alcohol ; and another carbonic add ; ai 
may be acen by the follow inft tiiblc 

Ere? j atom of anhydroua augar eontaini 


f wo atP*nH of alcohol contain 
r'our atoinr of carbonic acid rfintain 


Carbon 

\i 

Oayfftn 

12 


8 

4 

4 

8 

.2 

(1 

ii" 

12 

12 


N.B.— *• Anhydroua adgar** is augar tinea at 30 *h. 


Q. How does suGAB form al'cohol 
fermentation f 

A. Two-thirds of its carbon and one- 
third of its oxygen re-nnite with the 
hydrogen, and generate al'rohol. 

Q. How does suoab form carbonic acid />y 
fermentation f 

A. Tlie remainiiipf oiie-third of its 
carbon and two- thirds of its oxygefh 
re-unite, and generate carbonic acid 

Q. What BECOMES of the aVcohpl which s 
thus generated hg fermentation ? 

A. It mixes with the water ^ and fprin/ 
the into.ricating part of beer and wint 

Q. ^^hat is the most common reason for bee^^ 
wine, and other fermented liquors turning sour/ 
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\K. Atr gets to them, and its oxygen 
acidifies tho alcohol, turning it into 


Suf^ar passes at onoe Into vineirar, when It la fennented In the 
4|N!n air. 

Q. WTSy M BAni.»:r M A.LTED? 

A. Because geriniimtioti is produced 
.by the artificial heat; and in germina- 
tion, the starch of the grain is converted 
into sitgar. 

Q. How M harley ma'ted f 

A. It is vtuisicned with water, and 
heaped up ; by whicli means, groat licat is 
produced, wliich makes ilm.larlcy sprout. 

See “Hponiancou}. coinhu»>tion/'|7. M, 

Q. Wky is not the barlet/ suffered lo OBOW 
as well as sriiouT t 

A. Because plants in the germ con- 
tain more sugar titan in any other stale ; 
as soon as the germ puts forth shoi/ts, 
the sugar of. the plant is consumed to 
support the shoot. 

Q. Hoa is barley prevented from anoot- 
iire,1in the process of nALTixa P 

A. It is put into a kiln, as soon as it 
•grouts ; and the heat of the kiln checks 
or destroys the young slioo^ 
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Q. WhatutiAmf > 

A. The foam of beer (or of some 
similar liquor) produced by fermentation. 

Q. Why it TEA8T tued in BBEWive P 

A. Because it consists of a substance 
called gluten, undergoing putrefaction 
in which state it possesses the peculid 
property of exciting fermentation. 

If the gluten were not in n putrefying state, it could not prodnoe 
fermentation. 

Q. What it gUiten T 

A. A tough elastic substance, com- 
posed of carbon, oxygen, hydrogen, and 
nitrogen. 

It is the presence of nitrogen which gires yeast the power to 
esoite fermentation. 

Q. J)oe9 MALT contain gluten T 

A. Yes. The infusion of malt, called 
“ sweet-wort,” contains an abundance of 
gluften; and the yeast (which converts 
its sugar into alcohol) converts this gluten 
into yeast. 

Q. Why it TB-VST ‘needful, in order to make 
ike injwion of malt into U££a? 

A. Because the presence of a putre- 
fying body containing nitrogen is essen- 
tial in order to convert sugar into alcohol. 
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^ Ti^at IFFIOT luu yeatt upon the tweet- 
wort t 

A. It causes the suoab of the wort 
to be converted into ahohal and carbonic 
acid ; and its olu'ten into yeast. 

Q. What change is produced in gluten ig 
PUTftEPAOTlOK ? 

. A. Its elements are loosened from 
their former conditions of combination, 
and re-arranged (with the addition of 
oxygen from the air) into a new series. 

Q. What is the difference hetween PESHSir- 
TATIOK and FUTBEFACTION V 

A. Fermentation is- a change 
effected in the elements of a body com- 
posed of carbon, oxygen, and hydrogen, 
without nitrogen. Putrefaction is a 
change effected in the elements of a 
body composed of carbon, oxygen, hy- 
drogen, and nitrogen. 

Q. Tf^t FEW compounds areproiueed hy 
the change called fermentation ? 

A, Alcohol and carbonic acid.— -The 
alcohol is still further changed (unless 
the process be ^checkedt into ace'tic acid 
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Q. What new compovndt are jfndueed hg 
the change called pittubfaciion ? 

A. The carbon, oxygen, hydrogen, 
and nitrogen, of tlie original substance 
(being separated by decomposition) re- 
unite in the following manner. 1. Carbon ' 
and oxygen unite t.o form carbonic acid. 
2. Oxygen and hydrogen unite to form 
water. 3. Hydrogen and nitrogen unite 
to form ammonia. 

MarUhom is a aoliitinn of ammonia in water. 

N.B, — Wlien bodies rnnhiininfr wilphur and phoHphoroun putrefy, 
the sttfphnr and photphot ns iinilo with inphoym^ and fuiiu »ul^ 
phuretted and phoaphureUvd hydroyen gaiicit. 

Q. What HECOAiE of these several products 
gf putrefaction f 

A. They are all elastic bodies, and 
escape into the air. 

Water in the contUtion ot vapour, in both elastic and fraseoiu 

Q. What is the catise of the OFFENSIVH 
SMELL which issues from 'putrefying bodies ? 

A. The evolution of ammonia, or of 
stdphuretted and phosphuretted hydrogen 
gases; all of which have pungent and 
oiTensive odours. 

Q. Whg do boiled laoB siboolovb • 

BIlTia SPOOK 2 „ 
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*A. Hecanstt tliey contain n small 
portion of sulphur, which unites with the 
silver, and tarnishes it as soon as it is 
moistened with saliva. 

Both the white and Tolk contain sulphar — the latter more aboii- 
dantlj. The tiirniah b a nulphurn of nilrcr, and may be eaoUy 
removed by ruhbinir with hartahorn or table salt. 

Q What causes the ojjensice smell of stale 
■ hard boiled boos ? 

A. The hydrogen of the egg com- 
bining with its sulphur and phosphorus, 
form sulphuretted and phosphuretted hy- 
drogen; both of which gases have an 
offensive odour. 

Of an eirir 15 part* are carbon, 16 nitrogen, 7 hydrogen, and the 
remaining 22 are oxygen, phoMphorun, and sulphur 

Q. Wh^ is it NOT needful to put tbast into 
0RS.VB Juice, in order to produce fermentation f 

A. Because grape juice contains a 
sufficient quantity of a nitrogenized 
substance like yeast, to produce fermen- 
tation without it. 

Nitrogenized, l.e. containing nitrogen. 

Q. thiy do not oitATBS ferment, while they 
hang on the tinb ? 

A. Because tho water of tJie juice 
evaporates through the skin, and allows 
the grapes to shrivel and dir up, after 
they are ripe. 
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Pfrmffitiitlmi otnnot oecnr nnleM the rager be kUeHAleeil In e 
imfBcient quantity of water. 

Q. What ii the fuoth or scvM o/fermented 
liqaortf 

A. Putrefying glutinous substances 
(resembling yeast), which rise to the 
surface from their lightness. 

Q. Why it beer fiat, if the cask be hft 
open too long? 

A. Because too much of the carbonic 
acid gas, (produced by fermentation) is 
suffered to escape. 

Q, If'hy are beer and porter made stale by 
•eing exposed to the aib ? 

A. Because too much of tlie carbonic 
acid gas, (produced by feimentaliouj is 
sulfered to escape. 

Q. Why does beer turn fiat, if the test 
FEO be left out of the tub ? 

A. Because the carbonic add gas 
escapes tlirough the vent hole. 

Q. Why will NOT beer ran out gfa tub, tdl 
the TENT FEO is taken out ? c 

A. Because the upward pressure of 
the external air (admitted through* the 
tap) holds tlie liquor back, — ^not being 
counterbalanced by any pressure of air 
on the surfatts Um lumid 
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Tbe i^iMr^preamire of «ir may be lUuatrated by the follovlnii 
iimplu eitperiment ('ill a wine iflaM with water: ooTerthetop 
of the fflAM with a piece of writing pa|»cr ; turn the glaaa upaiiui 
down, and the water will not run out. The paper Li used merely 
Ml give the air a medium eufllciently denee to act agoinat. 

Q. Why does the beer run fbkelt, tmm#* 
diately the tent PE(t ie taken out T 

A. liecausti air rushes immediately 
throu{fh the vent hole at the top of the tub, 
, to counterbalance the air admitted by 
the tap ; in consequence of which the 
liquid escapes by its own weight. 

Q. Why doee liquor Jtow reluctantly out of 
a BoriLE held upeide down/ 

A. Because the upward pressure of 
the air, interferes with its free escape 
from the narrow mouth of the bottle. 

Q. Why ehould a bottle be held 0BLI<}UELT, 
i» order to be emptied of it* liquor f 

A. Because the liquor will then run 
o'ut by the wider portion of the neck, and 
allow the air to flow in by the upper part 
to counterbalance the upward pressure. 

Q. Why doee wine {poured from a bottle 
QVieBXT) ipk-t about, without going into the 
deeanteri 

A. Because it fills the top of the 
decanter (like a cork), and .eaves no room 
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for tlie air inside to escape ; the decanter, 
therefore, (being fvU of air) refuses to 
admit the wine. 

Q. Why does the effertescekcb ^ ^oda 
water and ginger-beer very soon go offT 

A. Because the carbonic acid, (whicb 
produced the effervescence) very rapidly 
escapes into the air. 

Why is boiled water flat and insipid f 

A. Because the whole of the carbonic 
add is expelled by boiling, and escapes 
into the air. 

Q. Why does feast make bread i.ieHT P 

A. Because it produces a species of 
fermentation on the starch and glu'ten 
of flour, as it does in the sugar of malt, 

Q. How dots FEBHENTATioN make the 

dough BtsB ? 

A, During fermentation, carbonic 
add gas is evolved ; but the sticky tex< 
tijre of the dough will not allow it to 
■tsteape ; so it forces up little bladders al' 
through the dough. 

Q. Why is DOiroH placed before afire? 

K. 1 st — Because the heat of the fire 

‘increases fermentation : and 
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'Sndly-^It expatuU the ga$ confined in 
the little bladders; in consequence of 
which, the bubbles are enlarged^ and the 
(lough becomes lighter and more porous. 

Q. Why i* bread heatt ^ the dough be 
removed from thejire? 

A. Because the dough gets cold, and 
• the air in the bladders condenses: lo 
consequence of which, the paste falls,-— 
and the bread becomes close and heavy. 

Q. TVh^ is wheaten bread more N17TBITIOV0 

than that made from any other grain f 

A. Because wheat contains more 
gluten than other grains, on which its 
nutritive quality depends. 

Good wheat flour conlaina about 2 -^ per cent, of glntca. 

Q. What eattses the heat of fire T 

A. The heated carbon of fuel com- 
hines with oxygen from the air, and 
produces carbonic acid gas, by which < 
chemical action heat is evolved, 

ff'hat catuee the heat of animal badietf 

A. The carbon of tiie blood combines 
wit^ oxygen from the air inhaled, and 
produces carbonic acid gas : which evolves 
neat in a way similar to^ burning fuel. 
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Q. WlieMe doet ike beat of of^nxmowuL 
arise t 

A. The straw, &c., of the dunghill, 
undergoes fermentation from decay, and 
produces carbonic acid gas ; from which 
heat is evolved by a species of com- 
bustion, as in the two former cases. 

Q. Jlow doen the formation of cabbonic 
ACID {in all these eases) produce heat ? 

A. Carbonic acid has less power of 
holding latent heat, than carbon and oxy- 
gen have : when, therefore, these ele- 
ments are changed into carbonic acid, 
latent heat is given off, and made sensible. 

Q, ^Vfnj do persons throw lime into him and 
setverSf to pbevent their offensive smell in summer 
tune f 

A. Because they contain various 
gases, which readily combine with limej 
ami neutralize their offensive odours. 

Q. , Whg Khmild wateb (used for washing) he 
expoted to the air ? , 

A. Because it is made softer by ex- 
posure to the air. 

Most Bprinfi water holds lime in solution as a Uewhonats^ In eon* 
tfrquvnoe of the preaence of abundant carbonic acid. Carbonic acid 
caoapee by eapoanre to air— and the lime la, oonefquently, depoalted 
aa a carbonate. The bicarbonate of liint oontaina twioe ai mnob 
mifhinic ucid aa the otrbonnte. 
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* Q. IVhy it hard watbb made softbb 6y 
eapoMure to air/ 

A. 1st — Because the mineral salts 
(which cause its hardness) subside ; and 

Sndly — Because the carbonic acid of 
the water makes its escape into tlie air. 

Q. How ietieearbonicaeid of water produced/ 

A. By the presence of what is called 
the hicai'bonate of liitie, which is fm- 
quently held in solution by hard water. 

Bloirboiwt« of lime is a salt, composed of lime and carbonic aeld/ 

Q. Why U HAEB WATKB fnoro agroeabh to 
DB1NK, than soft water? 

A. Chiedy because it conUuns car- 
bonic acid. 

Q. Why ia water, tuzBH from thepump,more 

SVJkS,KLisa,than after it }uu been drawn eome time/ 

* A. Because water fresh from the 
pump contains carbonic acid, which soon 
escapes into the air, and leaves the water • 
Hat ancT stale. 

Q. Why ie QUiCK-LiiiE formed by ndtjecMn^ 

ehedk and Umeetone to intense heat in a kiln / 

A. Because the carbonic add (which 
rendered it mild) in dpren oif by tin* 
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heat of the kiln : and the lime becom^ 
quick or caustic. 

Chalk Md lime-«toae are not humL hat ^Unucd tj CLe heat 
tfiekiln. ^ 

Q. WhatuuovtXB^ 

A. Lime mixed with sand and watei. 

Q. What is the diff'ermee between eviCK* 
IiIHl and BLACKBO-'LlliK ? 

A. Slacked-lime is quick-lime to 
which water has been added. 

When qnlok-Hme ie slacked, bjr the addition of water, neat heat 
Is given out : the laitnii heat of the Huid water being made sensible 
wfisn it becomes solid by onl ting with the lime. 

Q. Why doeB mobtab become habd, after 
a few iaye? 

A. Because the lime re-imhibes from 
die air the carbonic acid which had been 
ea^eUed by fire; and the loose powder 
again becomes as hard as die original 
lime-stone. 

Q. ExpUnnin whatteapuoaiJiJLuadheiteii 

A, When th e carbonic acid is expel- 
led, the hard lime-stone is converted into 
a loose powder, which (being mixed with 
sand and water) becomes a soft and stifky 

E luster ; but, as soon as it is placed 
etween bricks it re-imbibes carbonic acid, 
and hardens ir t(\ limestone agora. 
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CARBTTRETTED HTDROQEN GAS 


• Q. What it CHOKK-DAUP ? 

A. Carbonic acid gaa accumulated at 
the bottom of wells and pits. It is called 
CHOKE damp, because it choices (or suffo* 
cates) every anitnal that attempts to 
inhale it. (See p. 266 .) 

It suffbcatM without getting into the bf oloeing the enter 

eriflco apoMmodieally. 

Q.* What it marih-gat or PiBE>DA]fP ? 

• A. Carburetied hydrogen gas accumn* 
Inted on marshes, in stagnant waters. 
tAid coal pits ; it is frequently cul.ed 
“ inflammable air.” 

Q. What it CABBUBETTXS HTSBOOEK OA8 { 

A. Carbon chemically combined wiih 
hydrogen. 

Q. How may cabbubetted htsbooeit oas 
be PBOOXTBEO ommarthet T 

A. By Stirring the mud at the bottom 

0 ft 8 
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of any stagnant pool, and collecting the 
gas (as it escapes upwards) in an inver 
ted glass vessel. 

Q. What ii coal oasP 

A. Carburetted hydrogen, extracted 
from coals by the heat of fire. 

Q. Why is carburetted hydroyen gas called 
FIRE-DAMP, or inflammable air? 

A. Because it very readily explodes, 
when a light is introduced to it. 

Prorided atmospheric air be present. 

Q. Why it carburetted hydrogen got fro- 
quently called HAUSU OAB P 

A. Because it is generated in 
meadows and marshes from putrefying 
vegetable substances. 

See Ignia (ktnuii, S9S. 

Q. What gas is evolved by the wick yt 
burning oanole P 

A. Carburetted hydrogen gas: The 
carbon and hydrogen of the tallo^ combine 
into a gas from the heat of the flame ; 
and this gas is called carburetted hydrogen. 

Q. Why does the air in eoal-minei Jra> 
fuently bxplodiP 

A. Because the carburetted hydrogen 
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ffns (generated in these mines by ihe 
coals) having mixed with common air, 
explodes, when a light is incautiously 
introduced. 

Q. How can minern 8KB in conl^pita^ if thtry 
may never introduce a lksht ? 

A. Sir Humphrey Davy invented a 
' lantern for the use of miners, called 
*‘tho Safety Lamp which may be used 
without danger. 

Q. Who teas Sir Thimphrey Davy t 

A. A very celebrated chemist, born 
in Cornwall, 1778 : he died in 1829. 

Q. What sort of thiny in the safety lamp ? 

A: A kind of lantern, covered with a 
fine wire gauze, instead of glass or horn. 

Q. How does this fine wibe oauzb prevent 
BEPLOSION in a coal mine f 

A. By killing the flames inside the 
lamp, and thus preventing their trans^. 
Mission* to the inflammable gas of the 
mine. 

N.t...»The IntentloM of tb* wirt gran mut not be fewer thea 
mo to « Eqoare inch. 

Q. Why will not flame pass through very 
fine wire gauze ? 

A. Because the wirfi-gauze is a very 
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rapid conductor of heat ; and ^hen the 
flaming gas burning in the lamp reache« 
it, so much heat is drawn off that the 
flame is extinguished; and, consequently, 
it cannot ignite the explosive gas of the 
mine. 

Sir Hamphrej DfiTy sayt: **When two Tetiiels filled with • 
frnseouH ezploRivc mizturo are connfctrd with a narrow tube, If the 
fontenta of onr Toa.sc'l are tired, llio tiuiiie will not communicate to 
t lie other veaMcl ; fur the flamo beinv extinftuishcd by cooling;, Lu 
innuniMuon ia rendered impoMiibli:.** 

Q. Does the tjas oj a goal- pit get through 
the M'lre-gmtze into ike lantern ? 

A. Yes: and the inflammable gas 
ignites, and burns insule the lamp : but 
no danger aiises, so long as the wire- 
gauze docs not become very much heated. 

Q. How can the miner tell when the tnotnenl 
of DANGER has arrived ? 

A. By observing when the wire>- 
gauze becomes red-hot ; danger is then 
present : for should the heat rise higher 
the flame would pa ts and produce ax 
explosion, because the wire would be no 
longer able to cool it. 

N.B.— When the carburetted hydrogni gM ftmn e 

miner's candle, the miner Romctiine* |»eri.shoR In toe bfn$t of th» 
Jtnme; and nomeumos suffer* wpotalioH from the oarbonie acid 
Uias produced. • 

t 
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' CHAPTER XXL 

PHOSPHtTRBTTBD 
HYDBOQEN GAS. 

Q. From what do the very OFriswaiTB *r 
rtOTiA of DEAD DODtEs in ckurch-yardt aritet 

A. From a gas called puospiiuket- 
TED hydrogen: which is pkosplumu 
combined with hifdro{}m gas. 

The escape of ammonia and Rulpiiurcttod hydrogen oontribuies 
much to this oifcnffivc cMlour, 

Q. What ia puoaraouDB ? 

A. A pale amber-colonred substance, 
resembling wax in appearance. The 
word is derived from two Greek words, 
which mean to produce or bring light ” 

* Q. How is pnospHORirs obtained T 

A. By heating bones to a white 
heat: by w'hich means, the aniinaT 
matter atid charcoal arc consnmd, and 
a sybstance called ** phosphate of lime,’ 
is left behind. 

Q. What ia tha phosphate of lime ? 

A. The principal constitueut of bones. 
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It is a compound of phosphorus, oxygen, 
and lime. 

PhiNiphoniB and oiyftm In aomblnation oonttitote pboq^horie adiL 

Q. Of what u the ignitahle part of LUCIFE B 

HATCHES made f 

A. Of phosphorus; and above 250 
thousand lbs. are used every year in 
London alone, merely for the manufac> 
ture of lucifer matches. 

Q. Why do lucifer matehet to readily ignite f 

A. Because phosphorus (with which 
they are tipped) inflames with such a 
slight degree of heat, that even gentle 
pressure or friction will raise its temper- 
ature enough to kindle it into Ham'e. 

Q. Wh<a it the caute of the tonts fatviT8. 
Jack o' Lantern, or Will o' the Wup f 

A. This luminous appearance (which 
haunts meadows, bogs, and marshes) 
arises from the gas of putrefying animal 
and vegetable substances ; especially from 
decaying fish. 

The Welsh <*Oorpee Cuidlee** are the same thlnira. 

Q. Whjf are theee luminoue phantome eo 
eeldom eeen / . 
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A. Bebause phosphoric hydrogen is 
BO very volatile, that it generally escapes 
into the air in a thinly diffused state. 

If phosphorus be boiled with milk of lime, end the beak of the 
retort placed under water, bubbles of phosphuretted hydrogen will 
riiie tuccessivel}* through the water, and (on reachli^ the surface) 
burst into flume. It is the singular property of this gaa to ignite 
siKintant'Oiisly in air when it has been produced by the action of lime 
or potassu on water ; w hen the gas is procured ilircctly from hydrated 
pl.<rphorue, it does not igiutc siionumcouHly, because it is more pure. 

Q. Why doM an iynis fatutu^ or Will oHhe 
Wispy FLY from us when we buk to meet it ? 

A. Because we produce a cuirent of 
air in front of ourselves, (when we run 
towards the ignis fatuus) which drives 
the light gas forwards. 

Q. Why doet an iynis fatuus run afteb us , 

whm «% FiiKE from it in afriyht T 

A. Because we produce a current of 
uir in the way we run, which attracts the 
light gas in the same course ; druiiing it 
after us, as we run away from it, 

Q. Is not a kind of Jack o' Lantern some- 
times prodteed hy insects f 

A. Yes ; swarms of luminous insects 
passing over a meadow, sometimes pro- 
duce au appeai'auce similar to the ignis 
fatuus. 
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Q. not mony ghost ttoriot kaoe amon 

from tome ignitfatuut lurking about ehurehymrdtt 
A. Perhaps all the ghost stories 
(worthy of any credit at all) have arisen 
from the ignited gas of churchyards — 
lurking about the tombs : to whi«^h fear 
has ad^d its own creations. 


CHAPTER XXTI. 

WIND. 

Q. What it wind? 

A. ^Viud is air in motion. 

Q. What FUT8 the air in motion, to at to 
produce wiso? 

A. I'lie principal causes are van'a- 
tions of heat and cold ; produced by die 
succession of day and night, and oi 
summer and winter. 

Q. What ejfect hast heat upon th% air ? 

A. Heat rarcjks the air, uiiJ causes 
it to expand. 

How do pou exo'w ihai krat cawtes the 
air to ElPA>ur 
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'A. If a bladder half full of air (tied 
tight round the neck) be laid before a 
fire, the air will expand by the heat, and 
fill the bladder. 

Q. IVhat ejfeet it produced upon air hp 
BABEFACTION ? 

A. It is made lighter, and ascends 
. trough colder strata ; as a cork (put at 
the bottom of a basin of water) rises to 
the surface. 

Q. Prove that rarefied air ahcksds. 

A. When a boy sets fire to the cotton 
or sponge of his balloon, the flame heals 
the air; which hccoiucs so light, that it 
ascends, and carries the balloon with it. 

Q. What effect is produced upon xin, bp cold ? 

A. It is condensed, or siiueezed into 
a smaller compass; in consequence of 
which, it becomes heavier, and descends 
towards the ground. 

Q. Prove that air is condensed by cold. - , 

A. Cay a bladder h al f full of air before 
a fi)^, till it has become fully injlated ; if 
it be now removed from the fire, the 
bladder will collapse again, because the 
air condenses’ into its former bulk. 
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Q. What it meant by the bladJe^ “ OOllMr- 
Btge ?’’ 

A. The skin becoming wrinkled, 
shrivelled, and flabby ; because there is 
not sufficient air inside to flU it. 

Q. How do you enow that coKDENaxD air 
will DESCEND? 

A. Because a fire balloon /a/fo to the 
earth, so soon as the spirit in the cotton 
is burnt out, and the air of the balloon 
has become cold again. 

Q. Does the tun heat the aib, at it does the 

BAKTB? 

A. No : the air is not heated by the 
rays of the sun ; because air (like water) 
is a veiy bad conductor. 

Q. How is AIB QAATED ? 

A. By convection, thus: — The swa 
heats the earth, and the eaith heats the 
air resting upon it ; this hot air rises, and 
is succeeded by colder air, which is heated 
in a similar way ; till the whole volume 
is warmed by these “ convective currents." 

Q. What it meant by “ CONVECTIVE CUB* 
bents’* hot air / 

A. Streams of air, heated by th« 
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earth, whicli rise upwards and carry heat 
with them. {See p. 262.) 

Q. h the air in a rook in perpetual motion, 
M the air An road t«/ 

A. Yes ; there are always two currents 
of air in any room we occupy : one of 
^ hot air flowing out of the room, and 
another of cold air flowing into the room. 

Q. Mow do you know, that there are thete 
TWO current* of air in every occupied room f 

A. If 1 hold a lighted caudle near 
the top of tlie door, the flame will be 
blowTi outwards (towards the hall ) ; but if 
I hold the candle at the bottom of the 
door," the flame will be blown inwards 
(into the room.) 

This if not the caac when ft Jlrt> le !n the room. When • 
fire is hghted, an inward current in drawn through all the crevices. 

Q. would the flame be blown outwards 

(towarde the hall), if a candle be held at the top 
iff the doori 

A. Because the air of the room, being 
heated, &c., ascends; and (floating about 
the* upper part of the room) escapes 
through the crevice at the top of the door, 
producing a current of air from the room 
into the fudl ..i 
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Q. Why ioould the flame be blouen inwards 
(into the Booii), ^ a candle be }ield at the dotxou 

the door ? 

A. Because the cold air from without 
is rushing inwards, through the crevice 
at the bottom of the door, to drioe t)ie 
light warm nir out at tlie top. 

Q. How does warm air make its kscapk 
from a room? 

A. The M’rtjvtt air is pressed out by 
the cold air cumiiig in below ; and escapes 
by means of tlie ci’evices at the top oi 
the room. 

Q. Wktf are not all plares, wli ich lie under the 
same parallel of latitude^ of the same temperature t 

A. Because \urious disturbing cir- 
cumstances tend to vary the mean tem- 
perature. 

Q. What disturbing eireumstances affect the 
temperature of particular situations T 

A. 1st — ^The elevation and form v« 

the land ; 

2udly — ^Tlie proximity of the sea : 

Srdly — Mountains, swamps, and iu> 

rests: 

4thly — ^'fhe nature of the soil : and 
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* Stilly — ^The prevalence of cold or warm 
winds. 

Q. What eff'eet it produced on temperature 
hp the eonfiguration of lauds ? 

A. islands and peninsulas are warroei 
than continents; bays and inland seas 
also tend to raise the mean temperature, 

Q. What effect hat the ska on temperature f 

A. In warm climates it tends to 
diminish the heat; in cold climates to 
mitigate the cold. 

Q. What effect have mountains on temper, 
aturef 

A. Chains of mountains which ward 
off cold winds, raise temperature; bui 
mountains which ward off south and west 
winds, lower it. 

, Q. What effect hat boil on temperature t 

A. A sandy soil which is dry, is 
warmer than a marshy soil which is wet,* 
and sul^ect to great evaporation. 

For effect! of foreata on temperature, eee p. 1A7, 

^ Does all wind maintain the Sk-iiZveloeUpT 

A, The velocity of wind varies from 
100 miles an* hour in the tornado, to the 
scarcely perceptible motion of a gentle 
hreeze. 
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Q. How does the rotation of the earth upof 
its axis ajffect the motion of the air T 

A. In two ways. 1st — As tlie earth 
moves round its axis, tlie air is left 
somewhat behind ; and, tliercfore, seems 
to a body cairied with the surface of the 
revolving earth, to be going in the op- 
posite direction ; and 

2ndly — As the earth revolves, different 
portions of its surface are continually 
passing under the vertical rays of the sun. 

Q. When are the ray» of the tun called 
“VBBTICAI. BATSp” 

A. When the sun is in a direct line 
above any place, his rays are said to be 
vertical” to that place. 

Q. Illustrate the manner in which the earth's 

surface passes under the vertical sun. 

A. Suppose some part of the brass 
meridian of a globe to represent the 
vertical sun; as you turn the globe 
round, different parts of its surface will 
pass linder that part of the brass riin 
in constant swcession. 

Q. Why is it boon-bat to the place mar 
tdtiek the uv» is vistical P 
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A. Because the suii is hulf-way 
between rising and setting to that place. 

Q. SItow how ihu rotation of the earth 
affecte the AIB. 

A. if we suppose some part of the 
brass meridian to be the vertical sun, the 
whole column of air will be heated 

by the noon-day rays; that part which 
the sun has le/tf will become gradually 
colder and colder ; and that part to which 
the sun is approach iny, Avill grow con- 
stantly warmer and warmer. 

Q. Then there are tuuse conditione of air 
about tfhU epott 

A. Yes : the air over the place, which 
jias passed the meridian, is cooling ; the 
"air under the vertical sun, is the hottest ; 
uiid the air, which is over the place about 
to pass under the meridian, is increasing’ 
m heat, i. 

See ftg. on p. 809. The column A (which the nun hee 
fjoUnf : B is under ihe vcrticul sun ; and C U increa$tng in htut 

Q. Now doee thie tabiett in the heat ty 
AB produce wuru t 

A. The air always seeks to preserve 
a condition of equilibrium ; ,80, cold air 



iriNn. 


rashes into the place occupied by neigh* 
bouring warm air, and causes it to form 
an upward current. 

Q. Wlty does not the tnnd always blow 
OKE tPfly, foUoioing the direction of the auN ? 

A. Because the direction of the wind 
js subject to perpetual intemiptions from • 
hills and valleys, deserts and seas, &c. 

Q. JTotn can HIT.T,S and HOUKTiLINS AnTIB 
the course of the winds ? 

A. Suppose a wind (blowing from the 
north) comes to a mountain ; as it cannot 
pass throxigli tt, it must cither rush hack 
again, or Jly off at one side, (as a tdarble, 
when it strikes against a wall.) 

Q. Do MOUNTAINS affect the wind in anj/ 
OTUEB way? 

A. Yes ; many mountains are capped 
jrith snow, and the warm air is cpvdmsed, 
when it comes in contact with them : as 
soon as the temperature of the air is 
changed, the direction of its currents are 
altered also. 

Bae «fure so nest iwfs« 

0 
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TIC SUN 



BapiMirtC A B C lo be thrfe eolumnn of air, A» the ooluinn of «u 
which id eoffUnff dmnn : D, Uie column to which the »un ia aertuiaf: 
and C, the column which i» to b/‘ hmtrd next. In this case, the ooll 
air of A will rush towards B : because the air of B is hotter than 
that of A. But suppo<<c now C to bo a snow-capped mountain ; as 
It'oomes under B, it nrcserves the air round it at its low tempora- 
turo still, and therefore cliocas for a time the ascent of the air Itt 
that direction. 

Q. How can the ocean aj^ect the direction 
of the wiNu'.' 

A. When the ocean rolls beneath the 
vertical sun, it is not made so hot as the 
land is; in consequence of which, the 
general direction of the wind is from 
tracts of ocean towards tracts of land. 

Q. W%y is not the V Aren of the eea modem, 
HOT by the vertical tun, at the turface of the land ? 

A. ftt — Because the evaporation of 

the^sea is greater than that of land : and 

2ndly — ^The constant motion of water 
prevents the 'increase of temperature at 
the surface. 
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Q. Why doet the etapobatiov of the teapre~ 
vent iteeurfacefrom being heatedlg theverticaltunf 

A. Because its heat is absorbed in 
the generation of vapour, and caiiied of}' 
into the air. 

Q. Why doet the motiow of the sea prevent 
ite twfaee from being heated by the vertical tun / 

A. Because eaeli portion rolls away , « 
as soon as it becomes lieated, and is 
sticceeded hy another; and Uiis constant 
lotion prevents tlie surface of the sea 
from being more heated than the water 
below the surface. 

Q. How do CLoros afTect the wind ? 

A. As passing clouds screen the 
direct heat of the sun from the eartli, 
tfiey diminish the rarefaction of the air 
also : and this is another cause why 
neither the strength nor direction of the 
wind is uniform. 

Q. Do winds eteb bfow beoculbit ? 

A. Yes j in those parts of the world, 
which present a large surface of water, 
as in the Atlantic and Pacific Oceans. 

Q. What are the regular unndt, which blow 
over the ATLANTIC «»</ f’ACiEic Oceans, called/ 
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•A. Tfiey are called “ trade winds.” 

They are called “traue** or ** tread winda,** beeaoae tbeyuii 
formly porsoo one tread or track. 

Q. What tervice are these windg to merehanttf 

A. They ai’e very convenient to mer- 
chants, who have to cross the ocean, 
inasmuch as they always blow uniformly 
in one direction. 

Q. in iohat dibection do the trade winds 
blow? 

A. That in the northern hemisphere 
blows from the north-east: that in the 
southern hemisphere, from the south-east. 

Q. Why do not these polar or trade winds 
blow from the full nobtu and south, directly 
towards the torrid zone / 

A.* Because the poles, from which 
they flow, move with less velocity than the 
surface of the earth over which they pass 
in their progress towards the equator. 

Q. How does this difference of velocity iffeet ^ 
the direction of the wind if 

A. In the same wayashedges,houses, 
or trees, (to a person in a carriage) seem 
to he running in an opposite direction. 

Ac the dreamferenee of the earth at the equator Ic much tar§§t 
than the circumference of the earth at the polea ; therefore, every 

of the earth’c eguntariat rarface mnct move much /atitr, tham 
Iho oommonding uiie at the pules. 



312 


TRADE WINDS. 


Q. W^jf io eurmttt of airjhb from 4lu 
roLBS to the e^vatobP 

A. Because the tur about the equator 
'being rarefied by the heat of the sun) 
zomtantly ascends, and thus gives way to 
the cold air from the poles. 

Q. I» there an wpeb o» teell a* a lowbb 
OVBBBBT M the atmosphere T 

A. Yes ; the upper current of rare- 
fled air is from tlie equator to the poles ; 
being there condensed, it returns again 
to the eqmtor, forming the lower current 

Q. Wlutl effects ore produced bp the double 
eurrent of air / 

A. 1st — ^The warming and cooling of 
the strata of air : 

2ndly — The deposition of rain : and 

3rdly — ^I’lie formation and appearance 
of clouds. 

Q. Hoio is the Aiit affected by the^jopposing 
currents t 

A. As cold air returns from the phles 
to the equator, and hot air travels from 
the equator to the poles, eorrents 
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afe affected as they come into contact 
with each other. 

Q. Bow wotdd then two oppotUe eurrmtt 

air came deposition of iiAiy P 

A. The hot current from the equator 
being mixed with the cold current from 
the poles, are condensed, and compelled 
to part with some of their moisture in 
rain. 

Q. Vow are ctotros affected bj) the egtmo' 
rial and polar currents of airt 

A. As the currents displace eacn 
other by any distm'biug cause, vapour is 
added to or taken from the clouds, and 
produce a total change in the “ face of 
the sky." 

Q. Why do the clouds vary ahnoet inece- 
9intly even in the calmest day f 

A. In a great measure from some, 
slight disturbance in the separate course 
of the ^equatorial and po ar currents, 
whereby the upper current descends, and 
the lower one rises into the other. 

Q. Do trade-winds blow from the north-caat 
jnd south-east all the Y£Aft £OUNli ? 
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A. Yes, in the open sea ; that is, in the 
Atlantic and Pacific Oceans, for. about 
80 degrees each side of the equator. 

Q. What becomes qf the north-easterly and 
south-easterly trade winds, when they approach 
the eyuator f 

A. They are lost in a region of calm, 
in which vessels are often detained for a 
considerable time. 

Q. Is this region of calms in its positionf 

A. No ; it shifts its place, according 
to the sun’s distance, and position in 
regard to the eqmtor : being sometimes 
entirely to the north of the equator, and 
occasionally reaching as far as 2 degrees 
south of it. 

Q. Do the THADE WINDS hlow uniformly from 
north-east and south-east in the Indian Ocean ? 

A. No; nor yet in those parts of 
the Atlantic and Pacific which verge on 
the continents. 

Q. How do the winds blow in tte Ikd:an 
Ocean P 

A. From April to October a 
teet wind prevails ; but fiorc October to 
Apiul, a north-east 
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• Q. inat are theee periodical ewrrcnte qf 
air {tohieh affect the neighbourhood of the Arabian^ 
Indian^ and Ohineee Seas) called f 

A. They axe called monsoons. 

The word moiufion U of Arabic derivation ; maitftm, (• Mt time 
or eofuon.) 

Q. How far do the limits of the monsoons 

extend f 

A. From the African shore to the 
longitude of New Guinea ; and northward 
as far as the parallel of latitude, which 
crosses the Looclioo Isles. 

The Loochoo Isles ore about 24u north Intltade, and M" east 
ionintude. 

Q. Whg do not the winds in the Indian 
Ocean blow south-west from April to October^ 
Uke the trade winds ? 

A*. Because the air of Arabia, Persia, 
India, and Cliina u so rarefied by the 
enormous heat of their summer sun, 
Uiat the colder air from the south rushes 
towards these countries across the eqmto%, 
produejpg a south-west wind. 

Q. To what distance does this south-west 
m§d prevail t 

A. From 3 degrees south of the 
equator, to <the shores of the Arabian. 
Indian, and Chinese Seas. 

‘ KSS 
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Q. Ulty doe9 the wind {in the Indian 
Ockan) blow north-east from October to April t 

A. Because the southeiTi part of the 
torrid zone is most heated when the sun 
is south of the ecjuator : and the colder 
air from the north rushes towards the 
southern tropic, producing a nouth-east 
wnd for six months of the year. 

Q. Are the monsoone ae FowsitFUL as the 
trade winds ? 

A. They are far more so, and very 
often amount to violent gales. 

Q. Why are monsoons more useful to the 
mariners than the fixed trade winds ? 

A. Because maiiners are al»lo to 'avail 
themselves of these periodic changes, to 
go in one direction during one half of the 
year, and to rettirn in tlie opposite direc- 
tion during the other half. 

Q. IIow is the change of the monsoons 
marked T 

A. By an interval of alternating 
calms and storms. 

Q. Have the winds in Europe any general 
directions throuahout the gear f 
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•,WINt> IN KUROP*. 

*A. We generally find that easterly 
winds prevail during the spring of the 
year ; and westerly winds in the sturuner 
and autumn. 

3-We8t wind« are more frequent tn Julj and Aufruat. NrEaat 
Hindu Ln January, March, Apri., May, and June ; but least frequent 
in July, September, and December. 

Q. When are the winds in Eudopb gene- 
rally the HIOUEST? 

A. The winds in December and Jan* 
uary are gcneridly the liigliest. Those 
in March and November tlie next; and 
those in August and September are the 
least boisterous. 

Q. Wht/ are the wind* of Europe gene, 
roily aiouEST in D£C£MB£U and Jancaut i* 

A.* Because the sun is furthest south 
in those months; and (as the heat in 
these northern regions rapidly decreases) 
the contrast between our temperature 
and that of the torrid zone is greater, 
in December and January, than in any 
ether two montlis throughout the vear. 

^ doe* thi* coVTUAaT of heat increase 

tie viOLKNca of the wind 1 

A. Because the air always seeks to 
preserve a state of equilibrium ; therefore, 



«18 


WIN». 


ihe greater the contrast, the more violeht 
will be the rush of air to eqmliu the 
two volumes. 

Q. W?it/ are the teind* in Europe generally 
moHt PLACID, daring the monthn of 
and August ? - 

A. Because AugustandSeptemberare 
our warmest months, wl'.on we approach 
nearest to the heat of the torrid zone ; 
therefore, the air (to and from the equa< 
tor), moves with less velociUj in out 
northern hemisphere in those two 
months than in any other. 

Q. Shew the goodnese and wisdom of Gk>D 
III this constant tendency of air to equilibrium, 

A. If the torrid zone were not tem- 
pered by cold air from the polar regions 
It would become so hot, that no humai 
being could endure it. If (on the other 
hand) the polar regions were neverwarmed 
by hot air from the torrid zone, thev 
would soon become insufferably cold. 

Q. Jfi what OTHER way doee the mingfing 
if the polar and equatorial atmoepher* net 
inHErtCIALI.T ? 

A. In the equatorial regions, the 
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great almiidauce of vegetable life is pro- 
ductive of a very large amount of oxygen: 
In the colder regions, artificial fires and 
dense masses of animal life^ produce 
large quantities of carbonic acid: The 
mingling of the polar and equatorial 
atmosphere assists in supplying each of 
these regions with the very gas, in which 
it would be otlienvise defective. 

Q. How does the mingling of the polar 
-nd KQCATOKIAL atmosphere serve to supply each 
region with the gab it most requires f 

A. The plants of the equatorui , 
regions require carbonic acid: — 'I'he 
animals of the colder regions require 
oxygen: — The ciurents of air from tbe 
poles cany carbonic acid to the equate* 
rial plants ; and the currents of air from 
the equator cany oxygen to the animals 
which abound nearer the poles. 

Q. Why are EAST wiKDS *» England yenel 
rally cold ? 

-A. Because they pass over the cold 
swampy plains of the North of Europe ; 
and have q» great breadth of ocean to 
flow over afterwards to warm them, 
bofore they reach our sbdres. 
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Q. Why are XAST winds in Etigiand aOte- 
raUydryf 

A. Because they come over vatt 
continents and very little ocean ; in con- 
sequence of which, they have absorbed 
very little water. 

Q. Sow doet thU account for the drying 
power qf the east winds f 

A. Being dry when they reach our 
island, they readily imbibe moisture from 
the air and clouds ; and, therefore, bring 
dry weather. 

Q. Why are nobth winds in England 
generally cold? 

A. Because they come from the folar 
regions, over mountains of snow, and 
seas of ice. 

Q. Why are north winds in England 
generally keen and drying T * 

A. Because they come from regions 
colder than our own; and, hem^wamied 
by the heat of our island, absorb 
moisture wherever they find it. , 

Q. Why are 80 DTH winds generally warm 
in England T 

A Because ^ they come over the 
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hdt sandy deserts of Africa, which make 
them hot. 

Q. Why do 80 VTB WINDS often briny m 

BAIN? 

A. Because they are much heated by 
the hot sands of Africa ; and imbibe wai- 
ter very plentifully, as they pass over the 
Mediterranean Sea and Ih'ilish Cliannel 

Q. Hote ioet this account for the UAi.vr 
character of south winds f 

A. As soon as they reach our cold 
climate they are condensed, and can no 
longer hold all their vapour in suspen- 
sion ; in consequence of which, some of 
it is deposited as rain. 

Q. TThji/ are west winds in EnffUind 
generally saint f 

A. Because they come over the ilt/a/t- 
tic Ocean, and are laden with vapour ; if, 
therefore, they meet with the least chill, 
some of. the vapour is deposited as rain. 

Q. Why is a fine clbar dat sometimes 
OTl(BCABT in a few minutes it 

A. Because some sudden change of 
temperature has condensed the vapoui* of 
the air i»lo clouds 
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Q. Why are CLOiTDi eometimee BisBipifflB 

eery euidenly f 

A. Because some vaini (blowing 
iver the clouds) imbibes their moistwre, 
and carries it ofif in visible vapour. 

Q. Whydomvta-wtvswindtlringuinkrti'i 

A. Because they come from the torrid 
tone, and get laden mth vapour, in their 
transit across tlie ocean. But, when 
they reach our northern island, (being 
condensed by cold) some of tiie vapour 
is precipitated in rain. 

Q. Why do hobth>E48T mndt b&bilt briny 

BA.nrP 

A. Because they come from a cli- 
mate colder than our own, and their 
capacity for imbibing vapour is increased, 
when they reach our island; in conse- 
quence of which, north-east winds dry 
the air, dispel the clouds, and promote 
evMioration. 

Why doea wi 9 d aometimee briny bam 
and fihb weather T 

A. If the wind be colder than, the 
douds, it will condense their vapour into 
ram .* But if the wind be warmer than the 
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tfhttds, it will dissolve thorn, and canse 

them to disappear. 

Qi Why are Mabch tmnde sbt ? 

A. Because they generally blow from 
the east or north-east; and, Uierefore, 
sweep over the continent of Europe, and 
cross tiie cold waters of the German 
t)cean. 

Q. What w the use of Mi sou wiyie f 

A. They dry the soil, which is satu- 
rated with the Hoods of February,— 
break up the heavy clods, — and fit the 
land for the seed committed to it. 

Q. Why ie it raid, titat “ Mibcb ooueb u> 
Uke a WOK ?” 

A. ’ Because it comes in with blustering 
east winds, so essential to dry the soil, 
lest it rot the seeds committed to it. 

* Q. Whydoee“'KL&ouaoowslikeahXiinf'* 

A. Because the water (evaporated by 
the high winds) falls again in showers to ' 
fertilize *the earth; and these constant 
shQW'ers break the violence of the winds. 

Q. WT^uUsaidjthat'' AhuthdifhUxsGSl 

near is teorta a l^nfe ransom t" 

A. Because it indicates that there haa 
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been a continuance of dry weather : and 
unless March be dry, the seed will rot in 
the wet soil. 

Q. Why M it taid, "A dbt cold Maroii 
never Bias bbbao f” 

A. Because the dry cold winds oi 
March prepare the soil fur seed ; which 
germinate, and produce fruit in the 
autumn. 

Q. S ie void, that “ A wit Maboh makei 
a BAD autumn." Explain the reaton of thu. 

A. If March is wet, so much seed rotf 
in the ground, that the autumn crops' 
are spoiled. 

Q. It ie eaid, that “ Mabch fmwebs makf, 
VO summer bowers.” Explain the reason <f this. 

A. If the spring be very mild, vegeta- 
tion gets too forward, and is pinched hg 
succeeding night frosts, so that the sum- 
mer produces neither fruits nor flowers. 

Q. It is said, “ A late bpbivs mtdees a 
rBUlTFUL TEAB.” Explain the reason of this. 

A. If die vegetation of spring be 
backward, frosty nights will do no harpn; 
because the fruits and flowers will not put 
forth their tender shoots, till the nights 
have become tog warm to injure them. 
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• Q. it it taid, tXat “ Avbil •bowibb 

tiring Mi.T niOWXfis f" 

A. Because April showers supply the 
principal nourishment on which seeds 
depend for their development. 

Before eeede can germinate, thrM lUinga are eeaential Daili* 
nfNis, Heat, and Moisture. 

Q. Does aAin-inafer possess any fertilizing 
properties, besides that of mere moibtdbb ? 

A. Yes; rain-water contains an 
abundance of carbonic acid, and a small 
quantity of ammo'nia ; to which much of 
its fertilizing power is attributed. 

Ammonia is a compound of nitrogen and kjrdrogcn. Common 
hartshorn U only ammouiu and water. 

Q. Why has Qod made NiVniBEU a very 
tiXtsi month ? 

A. Because rain hastens the fuirt- 
faction of the fallen leaves: and this 
makes the earth fertile. 

Q. Why is there MOBE rain EBOM Sefte»- 
BEB to Maboe, than from March to September r 

A. Because the temperature of the 
air is constantly decreasing; on wliich 
account, its capacity for holding vapouf 
is on the decrease also; and its vapour 
precipitatAd as rain. 
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Q. Why M there less mm fr(^ MareK to 
September, than from September to March t 

A. B(!cause the temperature of the 
air is constantly increasing; on which 
account, its capacity for holding vapour 
is on tlie increase, and very little is 
precipitated as rain. 

Q. Why u the rUing sun in summer accom- 
panied with a BREEZE ? 

A. Because the heat of the rising 
sun stops the radiation of heat from the 
earth, and warms its surface, 

Q, How does this warmth produce a BBEEZB P 

A. The air (re.stmg on the earth’s 
surface) being wanned by contact, ascends ; 
and colder air rushing in to restore the 
balance, produces the morning breeze. 

Q. Why ie there often an eteniko breeze 
dwriny the tummer monlhe t 

A. Because the earth radiates heat 
at sm-set, and the air is rapidly cooled 
down by contact: this condensiition 
causes a motion in the air, called the 
evening breeze. 

Q. IFAy am TROPICAL ISLANDS tod 

eea-breeze eeery morning (i,e, a hreste blowingfrom 
the Moa to the land) f 
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*A. Because solar rays are unable to 
heat the surface of the sea, as they do that 
of the earth ; therefore, the air resting on 
> the sea is less heated, than the air resting 
on the earth; and the colder sea air 
blows inland to restore eqniliiM'ium. 

Q. Why is a land breeze yeaerally less healthy 
than a sea breeze / 

A. Because it is frequently laden 
with exhalations from putrefying animal 
and vegetable substances. 

Q. Why is a sea breeze fresh and nsALTBT P 

A. Because it passes over the fresh 
sea, and is not laden with noxious 
exhalations. 

It tB partionlarlT h^althy^ therefore, to walk on the Ma-beaeb 
before ten o'clock in ihc uiorniiiK ; intt leu »v njltr wn-nt, 

, Q. Why is there generally a fresh breeze 
from the sea (in English watering places,) during 
the summer and autumn MuimiNas P 

A. Because land is more heated by 
the sun, than the sea is ; in consequence 
of arhich, the cooler sea air glides inland, 
restoring equilibrium by pressing up the 
Ught hotter air. 

Q. Why does'a sea breeze feed cool? 

* • r«S 
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' A. Because the sun cannot make 
the surface of the sea so hot as the land; 
therefore, the air which blows fi’om the 
sea is cooler than the air of the land. 

Q. Whi/ are tropical islands subject to a 
land breeze everif kvenino (*.<?. a breeze blowing 
from the land towards the sea) f 

A. Because the surface of the land 
cools down faster (after sun-set), than 
the surface of the sea: in consequence 
of which, the air of the cold lands is con- 
densed, and flows into the wanner regions 
of the sea — causing a land nuKEZE. 

Q. TVfii/ ur the land breeze cool ? 

A. Because the surface of the- land 
is cooled at sun-set more quickly than 
the surface of the sea ; therefore, the air 
from the land feels cool, 

Q. Why U the temperature of ielande more 
EQUABLE than that of continents f 

A. Because the water around the 
island mitigates the extreme heat of 
summer, and gives out heat to dimuKsh 
the extreme cold of winter. 

Q. Islands are warmer in winter them eon- 
tmonte. Explam tjte reatom ef thie. 
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* A. Unless the sea be frozen (whifeh 
is rarely the case) it is Brariner than the 
frozen land : and tlie warmth of the sea 
air helps to mitigate tlie intense cold of 
the land air. 

Q. Explain the caute of sea waves. 

A. The wind, pressing vuequally on 
the surface of the sea, depresses one part 
more than andtlier; every depression 
causes a con'ospuiiding elevation, and 
these undulations are called waves. 

It must bo rcmcmboml that wavosi haro no othor than a vertumi 
m»tionf i.o. up and Any ^ubH1anct‘, an a buoy, ttouting on ft 

oriiTc, in iiiorcly elevated and deprcMtcd altornalcly; it doea not 
othemriae chun^ its place. 

If waves are stationary^ and only move 
vp and dowUy why do they seem to advance towards 
the shore f 

A. This is an ocular deception. 
When a corkscrew is tui-ned round, the 
thread appears to move fonvard; and 
the apparent omvard motion of the waves 
of the sea is a similar delusion. 

A ware is a /orm, and not a thing; the form adYanceiy Imt not 
Uie SuMants of the waves. 

Q. What is the cause of “ BnEiEEBS P” 

A. The interference of rocks or rising 
banks in the sea with JLlie regular form 

F n :i 
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of the wave, by which the “ phase” of 
the curve is broken. 

**The phoM of the ourre** Is the ontUns or are of the wsto. 

Q. What causes the bpbat of waves T 
' A. The wind driving the surface of 
the water from the top of the wave, and 
scattering the small particles in all 
directions. 

Q. What it a Tins P 

A. A wave of Uie whole ocean, which 
is elevated to a certain height, and then 
sinks after the manner of a common 
wave. The interval between the two 
positions forms a tide. 

There are two tides In a lunar day, 1. e. 34 boors, 49 mtnntes. 

Q. What it the cavbk of tidet t 

A. The principal cause is the attrac- 
tion of the moon ; which raises the waters 
of the ocean, as tliey come under her 
influence by the motion of the earth on 
its axis. ^ 

Q. Why do toe generally feel OOLdbb omt- 
ef-doort than in-door t t 

A. Because the ur is always changidg ; 
and before one portion has become heated 
by our body, another colder portion takes 
its place, and abtorbs more heat. 
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*Q. Why it a room (even teitkoui ajile) 
generally wariub than the OPEN AIR * 

A. Because the air in a room is no. 
subject to much change, and soon becomes 
of the same temperature as our skin, 
after which it no lonjjer feels cold. 

Q. How fast does wind travel t 

A. A gentle breeze goes at about 
the rate of 5 miles an hour. A high 
wind from 20 to 60. A hurricane from 
80 to 100 miles an hour. 

Q. How it the tei<ocitt of winde ateer^ 
tained t 

A. By obser^’ing the velocity of the 
clouds ; and by an instrument contrived 
for tfie purpose, called an Anemometer. 

Pranouiee An««-moin'-e-tcr. Prom two Orrok words oMisot 
(wind) and istvpsr (a measure). Thin term is applied more fTe- 
quentiy to an Instramait which rncaeuren (he/vree of wind. 

Q. How is the tslocitt if the eloude 
aeeertainedf 

A. Py observing the speed of their, 
shadow along the ground; which is 
fownd (in a high wind) to vary from SO 
to 60 miles an hour. 

Q. Why it there always a tlrony SRAueBT 
through the ut-bole of a door f 
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'A. Because the air in the room ^e 
occupy is warmer than the air in the hall; 
therefore, the air from the hall rushes 
through the key-hole into the room, and 
causes a draught. 

Q. Why it there alwayt a ttrong DltAVOBT 
UNDER the door^ and through the crevice on each 
eide P 

A. Because cold air njshes from the 
hall, to (hive the wanner air up the 
chimney. 

Q. Ji^'hy it there alwayt a DitArouT through 
the WIWDOW crevicet / 

A. Because the external air (being 
colder than the air of the room we occupy) 
rushes through tlie window crevices to 
drive the Avarm air up the chimney. 

Q. If you open the r.0WEn sash of a windotf, 
there is more driVcout than if you open the upi>kb 
tath. Explain the reason cf this. 

A. If the lower sa.sh be open, cold 
external air will rush freely into tfie room, 
and cause a gi'eat draught inwards ; but 
if the upper sash be open, the heated air 
of the room will rush out ; and (of course; 
there will be less draught inwards. 
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Coid iftir always flows to ihs spot oceapisd by warm air, and^ls- 
plaees it, because it is heavier. Both arc drawn down to the earth, 
by its attraction, but the heavier cold air with the more force ; it 
therefore occupies the lower position, and pushes the warm air 
upwards. 


Q. By which means is a nooM better tekti- 
BATED — By opening the upper or lower sash / 

A. A room is hotter ventilated by 
opening the u}^per sash ; because the hot 
vitiated air (wliicli always ascends towards 
tlie ceiling) can escape more easily. 


By which mean* i* a hot nooM more 
cooi.£a — By opening the upper or the 


wer saehf 


A. A hot room is cooled more quickly 
by opening the lower sash ; hecanse cold 
air nan enter more freely at the lower 
part of the room than at the upper. 


Q. Why Joee wind J>nx damp uvm ? 

• A. Because dry wind (like a dry 
sponge) imbibes the particles of vapour, 
from the surface of linen, as fast as they 
are fonAed. 


•Q. Why ie the oauebt of all public plaeee 
HOTTZB than the lomtu parte of the building t 

A. Because the heated air ascends; 
and all the cold air twhich can enter 
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through the doors and windows), till it 
has become heated, remains on the floor 
of the room. 

CHAPTER XXJII. 

BAROMETER. 

Q, What u a ba^rometeb P 

A. A wealhcj’-gliiss, or instrument to 
measure the vuriaiiuns in the weight of 
the air. 

BAKOMiETKm in « wnipouiid of two Orpck words, Bopof (weight) 
vul laarpoF (a ntpasurp). It {•< callpfl a wrnthpr-gluiiA, beoHM 
•tUMlgca of weather are indicated by iia varying conditions. 

Q What is a tukiimumeter ? 

A. An instrument to show how hot 
or cold anything is. 

THKUtouBTRR ii t coiiipound of two Greek words, Oapituc 
(boat), and futpw (a measure). 

Q. What is the orFFEREKOi hettoeen 

TBSaUOUETEB and a BAhOMETEU? * 

A. In a THim&iOMETER the mercun 
is sealed up from the air ; and rises Vr 
falls, as the varying temperature of the 
air c.vpaiuls or cunti'acts it: but 
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* In a BAROMETER the colnmn of t/er- 
cury is left exposed (or open) to the air, 
at its lower extremity ; and rises or falls, 
as the var}'ing weight of the air presses 
more or less upon it. 

Q. If the mercury of the thermometer be 
BBALEO vs from the air, hoto can the Jteat AFfitcx 

ur 

A. The heat of the air passes through 
the glass tube into the niercury, causing 
tlie metal to expand and rise in the tube. 

Q. tVhy is the tube of a barometer left OPEN ? 

A. That the air may press upon tlie 
exposed surface (»f the mcrcu)7 : As this 
pressure varies, the mercury rises or falls 
in the tube. 

The top of the tube mxtni lie a **ifarttum otherwise the pressure 
a. the cxtornul air u|H)|i the lower part of Ihc culuiiut would Dot 
^atibet the mercury so li fi-I> . 

Q. For what pnACTiCAi. pvbfobes w the 
barometer used f ' ' 

A. ^Ist — ^To determine the height of 
mountains : and 

• Sndly — ^Tc indicate changes of the 
weather. 

The barometer was biTeoted by Toricclli, a pupil of OalUeo, IMS. 

Q. How can a baboheteb determine the 
nsioUT of a mountain i 
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\k. As the weight of air decreases 
the higher we ascend, the mercuiy of a 
barometer will gradually faU and indi- 
cate the height of our ascent. 

Q. Does the density or weight qf air deoreast 
in any regular proportion ? 

A. Yes ; the density of air decreases 
upwards in a regular geometrical series. 

Tbns at an elevation of 34 niiles, the density of the air la only KalJ 
what it ia on the earth's aurfaec : at 7 miles, only one-fourth ; at 
104 , one-eighfh; at 14 miles, one-sixteenth. Though the atmoa» 
phere probably extends 4A or 50 miles above the level of the aao, 
yet at an elevation o2 20 miles, it has but little weight. 

Q. What causes the weight of air P 

A, The pressure of superincumbent 
strata. Thus in a pile of books, the 
lower volumes sustain the weight ot 
those piled over them. 

Q. IJow can a barometer which measures the 
WEIGHT of air, be of service as a ytea.t'B.eu glass 

A. When air is filled with vapour, it 
is lighter than usual ; and the column of 
mercury stands low. When ah is dry, 
and free from vapour, it is heavier than 
Usual; and the mercury stands high: 
Thus the barometer (by shewing the 
variations in tlie weight of the air) 



BAROMETKR. 


837 


indicates when it is moist, and likely^ 
rain or not 

Q. Does thewRiQnr of the airyjiBr 'uvcnt 

A. Yes ; the atmosphere in England 
trariea as much as one- tenth part more or 
tess. 

Q. 0/whatvsE it the bahometkb to tailortf 

A. It wai'iis them to prepare theit 
'ships, before squalls come on. 

Q. How can a babometer warn sailobb to 
prepare their sHirs ? 

A. As it indicates when wind, rain, 
and storm are at hand, the sailor can 
make his ship trim before they come 
upon* him. 

Q. Are there any bbles, which can be de- 
pended on T 

A. Yes; there are ten special rules 
t6 direct us how to know the changes of 
weather, by marking tlie mercury of a ‘ 
baromel^r. 

Q. Mention the \st bbeciai. bcle with 
reggrd to the barometer. 

A. The b^irometer is highest of aU 
during a long frost ; and it generally rises 
with a north-east wind- 
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^Q. it the harometer btohert of ' dX 

during a long fbost 7 

A. Because the air is exceedingly 
dry : and diy air causes the mercury of 
a barometer to rise. 

Q. Why does the barometer generally BlSB 
‘ with KOBTU-EABT wiuds F 

A. Because north-east winds make 
the air both cold and dry; and being 
both condensed, and without vapour, it is 
much heavier. 

Q. Mention the 2nd sfecial bulb with 
regard to the barometer. 

A. 'J’he • barometer is lowest of all 
during a thaw, which follotvs a long frost; 
and it generally falls with south or west 
wind. 

Q. TPhif does the barometer fall lowest of 
atlf al the bueakiko itp of a long fuost ? 

A. Because the air (which had been 
much dried by the frost) absorbs the 
moisture of the fresh warm current of 
wind from the south or south-west ; and 
becomes laden with vapour. 

Q. Why doe* the barometer/ail very low trith 
bou'XH and WEST wind*? 
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* A. Because south and west wiifds 
come heavily laden with vapour: and 
vaporized air is lighter than dry air. 

Q. What effect hat wind on the merewry t 

A. The barometer is high, when the 
wind blows between the east and the,, 
Nonxii. But it is low, when the wind 
blows between the south and west. 

Q. What it the 3rd spkciai. biii,s with 
regard to the barometer ? 

A, Wliile tlie barometer stands abov® 
30, the air must be very dry, or very 
cold, or perhaps both, — aud, no rain may 
be expected. 

Q.* Why will there be NO BAIN, ff the aib 
be very drt i 

A. Because dry air will absorb moist- 
^re, and not part with it in rain. 

Q. Why will there be no bain if the air 
be very cold P 

A. because it is so much condensed, 
that it has already parted with as much 
moisture as it can spare. 

Q. What dt the 4I& bpboial bvlb wUh 
regard to the barometer ? 

A. When the barometer stands very 

« a3 
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indeed, there will never be m«cA 
ruin; although a fine day will seldom 
oocur at such times. 

Q. TFhat land of weatheb is there likely 
to be, when the barometer is unubuai.lx IiOW P 

A. Sfiort heavy showers, with sudden 
sqmlls of wind from tlie west. 

Q. JVJn/ will there be teiit I-ITTM BAIN if 
the barometer is unusually low P 

A. Because the air must be very 
warm, or very moist, or peiiiaps both. 

Q. Why will there he little or no rain, if 
tie AlB is very wahm P 

A. Because warm air has a tendency 
to imbibe more moisture, and not to pait 
with what it lias. 

Q. Why trill there be little or no rain, if the 
air be very moist, and the barometer very LOW ? 

A. Because rain will never fall (even 
tho’ the air be saturated) till cold air has 
been introduced to condense the vapour 
And, as soon as cold air has been intre. 
duced, the barometer will rise instantly. 

Q. Name tie 5th special bulb wifi 
regard to the barometer. 

A. In summer-time (after a long 
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(iontinuaace of fair weather) tlie bar6mr 
eter will fall gradually for a or 3 days 
before rain comes : But if the fall of the 
mercuiy is very sudden^ a thunder-storm 
may be expected. 

Q. TThat it the Qth Bfsoui. bitIiB wUJt 
regard to the barometer f 

A. When the sky is cloudless, and 
seems to promise fair weather, — if the 
barometer is 2ow, the face of the sky will 
soon be suddenly overcast: 

Q. What it the 7th bpxoiaIi bulb with 
regard to the barometer T 

A. Dark dense clouds will pass over 
toithmU rain, when the barometer is 
high: but if the barometer be low, it 
will often rain without any appearance of 
;:londs. 

Q. What it the 6th evECiXL bvlx with 
regard to the barometer T 

A. ^The higher the barometer, the’ 
greater the probability of fair weather. 

a Q. Whg it the barometer uiOH in rtss 
weather t 

A. Because the air in fine weather 
contains very little vapour. And the drief 

* a a k B 
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llie air, the higher does the mercury oi* 
the barometer rise. 

Q. What it the Qth bfecial buue teith 
regard to the haromeier t 

A. When the mercury is in a rising 
state, weather is at hand : But when 
the mercury is in a sinking state, foid 
weather is near. 

Q. Whg doe* the mercury bibe at the ap- 
proach of riKE weather f 

A. Because the air is becoming 
more, dry ; and, therefore, its ‘pressure is 
increased. 

Q. W'hy does the mercury sink at the ap- 
proach qf FOUL weather r 

A. Because the air is laden 'with 
vapour^ or disturbed by icind. 

Q. W7>y does tapolb in the air make the 
mercury sikk? 

A Because vaporized air is lighter 
than dry air; and its pressure on tlie 
barometer less. o 

Q. What is the bfeoial buu with 
regard to the barometer f 

A. If (in frosty weather) it he^ns to 
snow, the barometer generally rises to 
80 ; where it remains, so long as the 
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BROW continues to fail ; If, after this, tlie 
weather clears up, you may expect very 
severe cold. 

Q. ffow can you know, the mbbcubt 
the barometer be bisino P 

A. When the top of the column is 
convex, (i.e. higher in the middle than 
lit the sides), the mercury is in a rising 
state. 

Q. Sow can you tell ^ the UBBCUBT of 
the barometer be faxuno? 

A. When the top of the column is 
concave (i. e. hollow in the middle), the 
mercuiy is in a falling state. 

Q. Why if the mercury contkx, when it ie 

BIBIKO ? 

A. Because the parts of the mercury 
in contact with the tube are delayed by 
the capillary attraction of the gloss ; in 
consequence of which, the middle part 
rises fq,§ter than tlie sides ; and the 
surface is convex. 

4^ Why ie the mercury concatb, when it 
if VAixuia P 

A. Because the parts of the mercury 
in contact with tlie tvbe^ are delayed by 
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a^Uary attraction ; in consequence ‘d 
which, the middle part sinks faster than 
the sides; and the surioce is concave. 


Q. n'kat ^ect doet a TU u^tseb-stobu pro~ 
duce on the weather T 

A. It is generally preceded by hot 
weather, and followed by cold shower}' 
weather. 


Q. What ^ect does a sudden chanob q/ 
temperature produce on the weather t 

A. A great and sudden change 
(either from hot to cold, or from cold to 
sot) is generally followed by rain wiihin 
24 hours. 

Q. Why is a sudden chanoe from hot to 
COLD followed by rain f 

A. Because cold conde>*ses the air: 
find some of its vapour k given off in rain. 

Q. Why is a sudden chanoe from cold to 
HOT followed by rain 7 

A. Because the air is quickly satura- 
ted with moisture : but when night comes 
on, and chUls the temperature, some* of 
the abundant moisture is given off in 
rain. 
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• Q. Whjf it the air auieHy batcbatjsu m/a 
uoisTUux, toAen heat rapidly tueceeit to cold P 
A. Because the evaporation (which 
was checked by the cold) is carried on 
very rapidly in consequence of the in- 
crease of temperature. 

Q. When does the barometer yart most I 

A. In winter time. 

Q. Why does the barometer vary MORE in 
wiETEB, than in summer time T 

A. Because the difference of temper- 
ature between the torrid and temperate 
Eones is much greater in winter than in 
summer ; and produces a greater distur- 
bance in the state of the air. 

Q. When does the barometer yart least P 
A. In summer time. 

Q. Why does the barometer vary less tp 
SUMMER, than in winter? 

A. Because the temperature of our 
island in summer is more nearly equal 
to that ol the torrid zone, and its state 
isfiot somiich disturbed by interchange 
of cu^ents. 

Q. Have beat and cold any effect on the 
barometer T 
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A. No, not of themselves ; but as coUi 
weather is generally dry, or accompanied 
with north-east winds, therefore the mer- 
cury rises in cold weather : And as warm 
weather is generally moist, and accom- 
panied by south-west winds, therefore 
the mercury sinks in warm weather. 

Q. Why ia the mercury of a barometer 
LOWEB in the tobbij>, than in the 7BT0ii> zone t 

A. Because the warm air of the torrid 
zone contains much more vapour, tha»i 
the condensed air of the frigid zone ; and 
the moister the air, the less is its pressure. 

Q. In v)hat mostbs it the barometer 
BteUSST? 

Al. In May and August ; then in 
June, March, September, and April. 

* Q. Inwhalv.oVTVisittheharometerwiyrzsT'! 

A. In November and February: 
then in October, July, December, and 
January. 

Q. What are the sbiebt montht T 

A. March and June ; then Maj apd 
August; then April and November. 

^ What are the wcttsbt montha t 

h . October and February ; then 
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Jftly and September; then Januaiy eJd 
December. 

Q, VThtf U then tRSB leet from Makcb to 
AceUBT, than there iefrom August to March t 

A. Because the heat is constanUtj 
increasing; and the capacity of air to 
absorb and retain moisture increases 
likewise. 

Q. Why is there mobs wet from Acoubt to 
Maboh, thanjrom March to August f 

A. Because the heat is constantly 
decreasing: and the capacity of air to 
retain moisture decreases also; so that 
(although it often rains) yet the air is 
always on the point of saturation. 

Q. What does a sudden rise or fall of the 
barometer indicate? 

A. If tlie rise be sudden, line weather 
will not continue long. 

If the fall be sudden, foul weather’ 
will not* continue long. 

Q. What sort oj weather mag we eapect, if 
thejbarometer is very eluctdatino ? 

A. If the.mercuiy fluctuates much, 
the weather will be veiy changeable and 
unsettled. 
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I'lls FALL or tha babombtbb. • 

In very Ao^weather, tlie fall of the mercury denotes tkund^m 
otherwise, the sudden falling of the barometer denotes high 
wind. 


In /rosfy weather, the fall of the barometer denotes ihatr. 

If foet weather happens soon after the fall of the barometer, 
expect but liule of it. 

In wet weather, if the barometer falls, expect much wet. 

In fair weather, if the barometer falls and remaim low, 
expect much wet in a few days, and probably wind,^ 

Xf.B. The barometer sinKs lowest of all for wind and rain 
together : next to that for wind, (except it be an east or north- 
east wind.) 


The rise of thb barombtbb. 

In winter^ the rise of the barometer presages froet. 

In frosty weather, the rise of the barometer presaps enow. 

If fair weather happens soon alter the rise of the barometer, 
expect but lift/e of it 

in wet weather, if the mercury rises high and remaim so, 
expect continued fitie wenther in a day or turo. 

in wet weather, if the mercury rises suddenly rery high, fine 
weather w'ill not last long. 

K.B. Tlie barometer rises highest of aU for north juid east 
wind ; for all other winds it sinks. 


The barometer UNSETTLED. 

If the motion of the mercury be unsettled^ expect unsettled 
weather. 

If it stand at “ mvch rain” and rise to chanobablm,” 
expect fair wealhvr of short copfmuarice. 

If it stand at “ PAiR*' and fall to “ changeable,” exi>eci 
fotd weather. 

N.B. Its motion ttpwarde, indicates the approach of fine 
weather ; its motion downwarde^ indicates the approach of fonl 
weather 
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CHAPTER XXIV 

SNOW. HAUi. RAIN. 

Q. What ia snow ? 

A. The condensed vapour of the air 
frozen, and precipitated to the earth. 

Q. Wha is the CAtrsx of snow ? 

A. When the air is nearly saturated 
with vapour, and condensed by a current 
of air, helow freezing point, some of tho 
vapour is precipitated in a crystalline 
form us snow. 

A fow^cars ago, Homo flshermen fwho wintered at Nova-Zcmbla), 
after they had been »<but up in a nut fur Hevcral dayK» opened the 
window; and the cold cxtnnul airi'ushing in, instantly condensed the 
air of the hut, and its vapour fell on the floor in a shower of snuwe 

Q. Why does snow fall ia wintee time f 

A. Because the sun’s rays are toe 
oblique to heat the surface of the earth ; 
and (assthe earth has but little heat to 
radiate into the air) the air is very cold. 

^ What is the cause of sleet ? 

A. When Hakes of snow (in their 
descent) pass through a bed of air above 
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ffeezing point, they partially melt; and 
fall to the eaith as half-melted snow, or 
sleet. 

Q. WTutt it the UBB of BNOir P 

A. To keep the earth warm, and to 
nourish it. 

Q. Wh!jf doet tnow keep the earth warm P 

A. Because it is a very had con. 
ductor ; in consequence of which, when 
the earth is covered with snow, its tem- 
perature very rarely descends helow 
freezing point, even when tlie air is 15 
or 20 dejrrees colder. 

Q. Tell me the words of the Pbai.mibt (cxlvii. 
16 ) respecting snow ! and explain what he n^ne. 

A. The Psalmist says — “The ‘Lord 
giveth snow like wool ; ” and he means 
not only that snow is white like wool, 
but that it is also warm as wool. * 

Q. Why it WOOL WARM ? 

A. Because air is entangled among 
the fibres of the wool : and air 'is a vcir 
bad conductor. 

Q. Why it SHOW warm ? 

A. Because air is entangled among 
the crystals of the snow; and air is a 
very bad conduStor. 
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* Q. Wkif doet SNOW nouribb the earth f* 

A. Because it supplies moisture con- 
taining carbonic acid ; which penetrates 
slowly into the soil, and insinuates itself 
through every clod, ridge, and furrow, 
when the snow melts. 

Q. Why it there vo snow in bummkr time f 

A. Because the heat of the earth melts 
it in its descent, and prevents it from 
reaching the surface of the earth. 

Q. 17''% are some MOUNTAINS alwatb cov- 
BRED with SNOW P 

A. 1st — ^Because the air on a high 
mountain is more rarefied ; and as rare- 
tied *air retains much heat in a latent 
state, it abstracts heat from adjacent 
bodies more rapidly than condensed air 
would ; and 

2ndly — Mountain tops are not ««r-' 
rounded by earth, to radiate heat into the 
air : aftd, therefore, Uie snow is ml 
m^ted in its descent, but falls on the 
mountain and .lies there. 

Q. Why ie bnow whitr P 

A. Because it is formed of an infinite 

■ bs 
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miraber of very minute cr 3 ’stals arid 
prisms, which reflect all the component 
rays of which white light consists. 

The same onnwer applies to salt, loaf suf^r, &o. {Set p. 419.) 

Q. What M HAU. ? 

A. Rain, which has passed in its 
descent through a cold bed of air, and 
has been frozen into ice. 

Q. What makea oitk bed of air colder than 
another P 

A. The causes are not perfectly 
known ; electrical action is most probably 
among them. 

Q. Why is HAIL frequently accompanied 
with TUUMDEB and LiaUTNINO ‘t , 

A. 1st — Because the congelation oj 
water into hail, disturbs the electricity 
of the air : and 

2ndly — ^The friction (produced by tlie 
fall of hail) may possibly excite it still 
more. , 

Q. Why does hail fall generally in summer 

md AUTUMN P , 

A. 1st — Because the air is more 
higMy electrified in summer and autumn, 
than in winter and spring : and 
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* 2uilly — ^The vapours in summer itbd 
autumn (being rarefied) ascend to more 
elevated regions, which are colder than 
those nearer the earth. 

Q. What TWO thing! are eeeential to cause 
BAIL ? 

A. Two strata of clouds having 
apposite electricities, and two currents of 
wind. The lower cloud containing resin- 
ous electricity, is the one precipitated in 
hail. 

Q. Whia is vxat f 

A. The vapour of the clouds or air 
condensed, and precipitated to the earth. 

Q. When is the vapour of the a^ or clouds 
PBECIPITATES in hail, rain, or snow f 

A. When the tiir is saturated with 
vapour, and a cold current condenses it, it 
is then no longer able to hold all its vapour . 
m solution, and some of it falls as rain 

Q. Why does uAXs/all in j>bops P 
, A. Because the vapoury particles in 
their descent attract each other; and 
l^ose which are sufficiently near, unite, 
and form into drops. 


M B.S 
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Q. Why doet not the cold of viobt 
iJiWArB cause rain t 

A. Because the air is not always 
near saturation : And unless this be the 
tase, it will be able to hold its vapour 
m solution, even after it has been con- 
densed by the chilly night. 

Q. Why doet a pabsino cloitd often drop 
BAIN? 

A. Because it comes in contact with 
cold air, which chills it ; and its vapour 
being condensed, fulls to the earth as 
rain. 

Q. IVhy are BA.lK-L)iiOi*s sometimes much 
LAitUEB, than at otueb times f 

A. Because the rain-cloud is floating 
near the earth ; when this is the case, the 
drops are large, because such a cloud is 
much more dense, than one more elevated. 

The iixe of the rain-drop Is also Increased, according to the 
rapidity with which the vapours are condensed. 

a 

Q. Does not wind sometimes incbeasb the 
SIZE of rain^dropsf 

A* Yes; by blowing two or more 
drops into one. 

Q. Why dociovm* Asa.innLSSX weather t 
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A. iBt — Because they are heavy with 
abundant vapour : and 

2ndly — ^The density of the air being 
diminished, is less able to buoy the clouds 
up. 

Q. ilow do you KHOW, tha the dekbiit of 
the air it diuinisueii in iu.unr weather f 

A. Because the mercury of a barom- 
eter falls. 

Q. Why it BA.1K-WATBB mOTO EBBTILIEIBG, 
than rvur-ioaterf 

A. 1st — Because it contains more 
carbonic acid : and 

2ndly — It contains a small quantity 
of ammonia, with which it supphes tli«* 
young plants. 

Q. Why does bais pubift the aib ? 

• A. 1st — Because it dissolves the nox- 
ious exhalations collected in tlie air as it 
falls. 

I ■ Sndiy — It mixes the air of the upper 
regions with that of the lower regions. 
and 

Srdly — ^It washes the earth, and sets in 
motion the stagnant contents of sewers 
and ditches. * -• 
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Why are MorsTAiNons eountriee morh 
BAIKT, than flat onetf 

A Because the air (striking against 
the sides of the mountains) is carried up 
the inclined plane, and brought in contact 
with the cold air of the higher regions : 
in consequence of which, its vapour is 
condensed, and deposited in rain. 

Q. Why doet a etovot swisiL, when it u 

WKTTKD ? 

A. Because the water penetrates the 
pores of the sponge by capillary attraction, 
and drives the particles further from each 
other : in consequence of which, the bulk 
of the sponge is greatly increased. . 

Q. Why do Tiovbz^rinye snap in wet 
weather f 

A. Because the moisture of the air 
penetrating the strings) causes them to 
swell; and (as the cords thicken) their 
tension is increased, and the strings snap. 

Q. Why doet papes pvcexb, when it it 
WETTED P ' 

A. Because the moisture is absorbed 
meqmUy by the paper, and some parts 
are more enlarged than others ^ in con- 
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^quence of which, tlie paper hlisterif or 
puckers. 

Q. TVhy do the weather-ioys (called OAP'r- 
OHiMs) lift a cowl over the Jigures in wet weather , 
and remove it in dry f 

A. Because the cowl of the cap'uchin 
is attached to a piece of cat-gut in such 
a manner, that when the cat-gut is 
shortened by moisture^ it pulls the cowl 
up : but in dry weather the string is 
loosened, and the cowl falls down by its 
own weight. 

Q. In another weather toy, the uan eomee 
out in WET weather, and the ]:<aJ)T in FINE ; Why 
ie thief 

A*. Because the two figures are at- 
tached to a piece of cat-gut in such u 
manner, that when the cat-gut is nMist 
it twists the man out ; but when it is 
loosened, the figures turn in tlie opposi^-e 
directiqji. 

Q. Why are wet btockinos difficult to 
pyiL ON ? 

A. 1st — Because the moisture pene- 
trates the threads of the stockings, and 
causes them to shrUdc in size : and 
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, Cndly— Because the moisture causes 
the stockings to adhere to our feet. 

Q. WMeh are the host saint toume %n 

tiNOLAKD ? 

A, Keswick (in Cumberland) : and 
then Kendal, (a market town in West- 
moreland.) 

In Keflwlck, about 63 inches of rain fall in a year. In Kenda., 
n ; Manchester, «38 ; Liverpool, 34 ; Dublin and Cumbridtfc, 23 ; 
Lincoln, 24 ; London, 21 ; and in Paris only 18. 

Q. In which of the djly does the most 
Uiv/all ? 

A. More rain falls by night, than by 
day; because the cold night condenses 
the air ; and diminishes its capacity for 
holding vapour in solution. 

Q. Does more rain fall in bumues or in 
WINTBB P 

A. There are more rainy days from 
September to March : but heavier rains 
between March and September. 

Q. Why are there hors baikt DATS from 
September to March, than from March to Sep- 
tember? 

A. Because the temperature of the 
air is constancy decreasing ; and as its ca- 
pacity for holmng vapour decreases also. 
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ft is frequently obliged to part intii 
some of its vapour in rnin. 

Q. In what part of the WOBLU doee luiir 
fdU MOST ABUNOANTIiT P 

A. Near the equator ; and the quan- 
tity of rain decreases as we approach tlie 
poles. 

There ere fewer relny dnya^ eltho* mure rain ectually falledoriiiii 
the wet aeason of the equuior^theii fulls in twelve months »t any 
other port of the globe. 


CHAPTER XXV. 
WATEB. 


Q. (y what it WATKB eompoted f 
A. Of two gases, oxygen and hydro- 
gen. 

In 9 lbs. of waters are oxygen, and one is hydrogen. 

Q. Why ia WAIEK VLUID P 
A. ^Because its particles are kept 
separate by latent heat: When a cer- 
-cain quantity of this latent heat is driven 
out, toater beebmes tvtid, and is called ice. 

By Increasing its latent heat^ the parUelcs of waur are agaSS 
aabuivided into moienh/a sfaoai. 
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(J. Why i$ puiffp water cnJ.Jed ** habd water Tl 

A. Because it is laden with foreign 
matters, and will not readily dissoloe 
substances immersed in it. 

Q. What makes PUMP-irater hard ? 

A* When it filters through the earth 
it becomes impregnated with she sulphate 
and carbonate of lime, as well as with 
many other principles derived from the 
earths and minerals with which it comes 
in contact. 

Q. What u the came of mixkbal bprimos ? 

A. When water trickles through the 
ground, it dissolves some of the substan- 
ces with which it comes in contact : if 
the substances are metallic, the water 
will partake of their mineral character. 

Some WAter Is Imbued -with lime; some wit h mlt, &c,, ^ 

Q. Whif it it di'picuU to wash our hands 
eleart with hard water i 

A. Because the soda of the soap 
combines with the sidphuric acid of the 
salts of hard water, — and the oil of thfi 
soap with the lime — ^and floats in flakes 
pn the top of the water. 

NJIs— SulpLAte of Ume|onawu Bulphuric acid and Ume. 
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• Q: WTuf it it diffieuU to wath m VMe 
WATKB? 

A. Because it contains saline matters, 
which deprive the water of a portion of 
its solvent power. 

Q. What it the cause of PETBtFAcriova ? 

A. While water flows undergrounc 
its imparities are held in solution by th( 
presence of carbonic acid; but whei 
ihe stream reaches the open air, its cix- 
bonic acid escapes, and these impurities 
are precipitated on various substances 
lying in the course of the stream. 

These Impurities are capecially carbonate of lime and Irnl 

Q. Why does a black hax turn bed at the 

•EA BIDE ? 

A. Because chloride of iron is formed 
by chemical action, between the compo- 
pents of iron and the chlorine existing in 
the dye and aea air ; the chloride of iron 
afterwards decomposes, and forms perox- 
ide of iron, which causes the rusty hue. 

Q. Cf what it SOAP made f 

• A. Of kelp (or the ashes of sea-weed 
dried and burnt in a pit) mixed with oil 
01 iac. 

Tillow is made of wbalc-oiU Mtda, and natal. Sorr 8oi*v 

•f and potaata* Haan fioar of oil « lA 
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Q. Why does vat£b cleait dirty LnoEir P, 

A. Because it dissolves the stains, as 
it would dissolve salt. 

Q. Why does foap greatly iecbeabs the 
eUaneing povoer ef mier t 

A. Because many stains are of a 
greasy nature ; and soap has the power 
of uniting with greasy matters, and 
rendering them soluble in water. 

Q. Why is bain wati:b soft ? 

A. Because it is not impregnated 
with earths and minerals. 

Q. Why is it moue £aby to wash with soft 
wateTf than with hard / 

A. Because soft water unites freely 
with soap, and dissolves it; instead of 
decomposing it, as hard water does. 

Q. Why do wood abiieb make babd water 

SOFT ? 

A. 1st — A double decomposition 
takes place: the carbonate of polassa 
in the ashes, and the sulphate of lime in 
the water unite, and form into sulphate 
of pbtassa and carbonate of lime. 

2ndly — Wood ashes convert some of 
the soluble salts of water into insoluble, 
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Ibid throw them down as a sediment: 
by which means the water is rendered 
more pure. 

Q. Why hat -Rkni-water tuck an uim.BABAirT 
SMELL, when collected in a tub or tank ? 

A. Because it is impregnated with' 
decomposed organic matters, washed from 
roofs, trees, or the casks in which it is 
collected. 

Q. Why doet wateb melt sxunAand salt ? 

A. Because very minute particles of 
water insinuate themselves into the pores 
of the sugar, by capillary attraction : and 
unite with tlie minute atoms of the 
sugar. 

Q. Why doet melted bdoab or salt ytw a 
FLATOUB to toater t 

A. Because the sugar or salt (being 
‘disunited into very minute particles) 
fioais about the water, and mixes with it 
intimately. 

Q. ^i^ty doet HOT water melt tuymr andealt 
GjrioxxB than cold water ? 

A. Because the heat (entering the 
pores of the sugar or salt) opens a passage 
for the water 


• • B 
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Q. Why U nk-water inuikuht i 

A. Because it holds in solution a 
quantity of saline matter^ of which com- 
mon salt is the principal ingredient. 


Aocordinf to a recent analysis 1(M0 grains of sea-water from the 
British Channel contained 27 grains of conunon salt, and about I 
grains of other saline matter. 


Q. Why it KOT BALT, although 

moot of it is evaporated from the sea ? 

A. Because saline matter will not 
evaporate: and, therefore, when sea- 
water is turned into vapour, its salt is 
left behind. 


Q. Why does btaosabt water putkeet ? 

A. Because leaves, plants, insects, 
&c., are decomposed in it. . 

Q. Why is BTAONANT Water full of wobxb, 

ISBEOTB, 4‘C. P 

A. Because numberless insects Uiy 
their eggs in the leaves and plants float-' 
ing on the surface ; these eggs are soon 
hatched, and produce swarms of worms 
and insects. 

Q. Jf^y is nownre water ruB frofk 
ntnvamr 

A. Because its currents carry away 
all ctmtaminaiing nibsUmees ,to the aea. 
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as fast as they appear in it ; and tbhre 
they are diffused through so large a mass 
of fluid, that they become inappreciable. 

Q. Ifiy does bonbiks water osoilultb and 
WHIBL in its current f 

A. 1st — Because it Btrikes against 
the hanhy and is perpetually diverted 
irom its forward motion : and 

Sndly — Because the c&ure of s river 
flows faster than its sides 

Q. Why do the bides oj a riwr fiow 
TIBDILT than iu CKKTBB ? 

A. Because they ruh against the 
banks^ and are delayed in their cuirent 
by friction. 

Q. Why doec boaft water bubble ? 

A. Because soap makes water tena* 
eiotts; and prevents the bubbles from 
^bursting, as soon as they are formed. 

Q. Why will not water hubblewvtROJJT boap ^ 

A. Because it is not tenacious enough » 
to hold together th^ bubbles that are 
formed. 

Q. When BOAF-BUBBLEB are blown from ‘m 
pipe, why do thgy ascend Jf 

A. Because they are filled with the 
warm breath, winch is liBli|er than air 
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A. Feozen wateb. When the tem- 
perature of the air is reduced to 82 
degrees, water will no longer remain in 
a fluid state. 

Q. ICE LIGHTER WATER? 

A. Because water expatids by freez- 
ing: and as its bulk is increased, its 
gravity must be less. 

Nim ruUo inelwi of -water beoome Urn when froeen. 

Q. Why do ewebb beeax t» a ebobte 
a^GBT? 

A. Because the water in them freezes ; 
and {expanding hy frost) bursts the ewerd 
to make room for its increased volume. 

Q. Why doM it not expand uvwrbdb 
boHUny water) and xvrir over ? 

A. Because the smface is frozen first; 
and the frozen surface acts as a phg, 
which is more difficult to burst, than the 
earthen ewer itself 
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* Q. do TtUi, tTOiriStawf booes, (j/ton 
otJAX utwintor / 

A. Because the moisture in them 
freezes; and (expanding by frost) splits 
the solid mass. 

Q. In winter-tme, toot>ua.bkb and wheel- 
acTS are often covered with an ieg msi-wobk, 
through the iateretieet of which the coil i$ elearlg 
teen , — Wht doet the water freeze in HXT-woaK f 

A. Because it freezes first at the 
sides of the foot-prints: other crystals 
gradually shoot across, and would cover 
the whole surface, if the earth did not 
absorb the water, before it bad time to 
freeze. 

Q. In winter time, these roOT-ULBKE and 
WHEEL- B0T8 are sometimes covered with a perfect 
8IIEXT of ice, and not <m tog net'W»rk,—lVhg ie 
THIS? 

A. Because the air is colder, and the 
earth harder, than in the former case ; in. , 
conseqvience of which, the eiUire surface 
of the foot-print is frozen over, before the 
earth has had time to absorb the water. 




is not the tee BOUi> in these ruts f 
— wax ie tnmrd only a very thin film or %s»- 
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A. Because ihe earth absorbs ntostof 
ike water, and leaves only the icy JUm 
behind. 

Q. JVhjf do iTkns-rassfivquentljf bvbst 
A i FBOBTT weather f 

A. Because the water in Htxemfruzes ; 
and {expanding by frost) bursts the pipes 
to make room for its increased volume. 

Q. Does Mt water expand ly bbat, a* well 
« Itjt COLD ? 

A. Yes ; it expands as soon as it is 
more than 40 degrees, tiU it boils ; after 
which time it flies off in steam. 

Kpawing wttiT, sa' UtKling wumt. 



Hen A B measarea the balk of e portion of water at 40 degnea. 
It goes on Increasing in bulk to C D, when it bcils. 

It nieo goes on Increasing in bulk to £ P, when it freeaea. 

Q. When does watbb begin to vsxasajregn 
eold? 

A. When it is reduced to 40 degrees. 
It is wisely ordained by God that water 
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^all be an exception to a veiy geneval 
rale, it contracts till it is reduced to 40 
degrees, and then it expands till it freezes. 

The general rule la thla— That cold eondM$t$ and eontraeU Ct 
volnme of nearly every thing j hat water ie not contracted by eoU 
aftor it haa reached 40 degreee. 

Q. W H Y does water expand when it fi^eexes f 

A. Because it is converted into solid 
crystals, which do not Jit so closely os the 
particles of water did. 

Q. Why it the buttou cf a river axLCOJi 
rsozEB P 

A. Because water, when it becomes 
colder than 40 degrees, ascends to the 
surface ; and (if it freezes) jloats there, 
till it is melted. 

Q. Show the wisdom of God in thie ioon« 
detftil exception to a general law. 

^ A. It ice were heavier than water, it 
would sink; and a river would soon 
become a solid block of ice, which could 
never bo dissolved. 

Why does not icx on the 8DBri.c> of a 
rvHr CHILD the water bbmbath, and freeze it t 

A. 1st — Because water is a very bad 
conductor, and is heated or chilled by 
CONVECTION only : and 
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' 2ndly — ^The ice on the surface acts as 
a skidd, to prevent cold air from penetra- 
ting through the river, to freeze the water 
below the surface. 

Q. Why doe$ WATiB tbeezs at the sru- 
VAOE^r«; t 

A. Because the surface is in contact 
with the air, and tlie air carries away its 
heat. 

Q. Why does the coat <>f tee ffrow TBiCKKH 
and TBiCKEK, the frost coktibiteb P 

A. Because the heat of the water 
(immediately below the frozen surface) 
passes through the pores of the ice into the 
cold air. 

Q. Why are not whom bitekb ebozkn 
flayer hy layer), till they become solid ice f 

. A* Because water is so slow a con- 
ductor, that our frosts never continue 
long enough to convert a whole river into 
a solid mass of ice. 

Q. Why does not bbhhino water Jreese so 
EAST as STILL water f 

A. Because the rapid motion of tihe 
current prevents the crystals from form- 
ing into a contipnonH surface. 
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• Q. When Rtwirnro water it rsonv, vXf 
ur the xcx generally very aouoa P 

A. Because little flakes of ice are 
lii-st formed aixl canied down the streanc., 
till they meet some obstacle to stop them; 
then other flakes of ice (impinging against 
them) are arrested in like manner : and 
the edges of tlie ditferent flakes overlap- 
ing each other, make the surface rough. 

Q. Why do soms part* of a river fbsxsi 
LKSS than others T 

A. Because springs issue from the 
Itottom ; and, bubbling upwards, thaw 
the ice, or make it thin. 

Qj, When persons falt. into a river in winter^ 
why does the watxb feel comparatively WAiti(( ? 

A. Because the frosty air is at least 
10 or 12 degrees colder than the water. 

0 The frozen rirer below its rarface is at least 40i. ; but the ilr 

• trerenlcsa. 

Q. Why it 8HAI.LOW water fbozev more 
ij0iC]£i.T than DEEP water / 

A. 'Because the whole volume of water 
must be cooled to 40 degrees, before its 
smface can be frozen: and it takes a 
longer time to> cool down a deep bed of 
water, than a shallow one. 

Q. Why is sxA-WATxa«A^Ri;T Fitoevw 9 



<A. 1st — Because the man of vxUer 
t$ to great, that it requires a rery long 
time to cool whole volume down to 
40 degrees : 

2ndly'-'-The ehh and flow of the sea 
interfere with the cooling influence of 
tlie air; and 

Srdly — Salt water never freezes, till 
the surface is cooled down 4 or 5 degrees 
below the freezing point of fresh water. 

Q. Why do tome i.AKEa baselt (if eeer) 

FREEZE ? 

A. 1st — Because they are very deep : 
and 

2ndly — Because their water is supplied 
by springs, which bubble from the bottom. 

Q. Why doet the depth if water retard 
Ue freezing / 

A. Because the whole volume of watir 
must be reduced to 40 degrees, before 
the surface will freeze : and the deeper 
the water, the longer it will be before the 
whole volume is thus reduced. t 

Q. Why do spbthsb at the bottom of a lake 
PBEVSHT ite freezing t 

A. Because they continually send 
forth teaser; which prevents ^e lake 
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from being reduced to the necessary 
degree of coldness. 

Q. It it oow^uim a TUAM than in 9 raovt. 
Explain the reason qf this. 

A. When frozen water is thawed^ it 
absorbs heat from the air, &c., to melt 
the ice: in consequence of which, the 
heat of the air is greatly reduced. 

Q. It it WABUEB in a tbost than in a 
TBAW. Explain the reason of this, 

A. When water freezes, it gives out 
latent heat ; and as mudh beat is libera* 
led from the water iuto the atmosphere, 
the air feels warmer. {See N. B. p. 
32.) • 

Salt oiBBOLVEB icx. Explain the reason 

tf this. 

Pl. Water freezes at 32**, but salt and 
ifater will not freeze till the atr is 4 or 5 
degrees colder; if, therefore, salt be added 
to frozci w'ater, it dissolves the ice. 

Q. Will anything dibsoltz loz betides 
BAVrP 

A. Yes ; any add, such as sulphuric 
odd, nitric acid, &c. 

AJiFtliiilf whVh t xm(f Btroag ftffloltx for water will liquefy iei 



d74 ' ICK. 

C 

. tQ. WTtg.it « mixture tf uja mid noTt 
eolder than aKOiir 

A. Because salt dissolves the crystals 
of snow into a dinid : And whenever a 
solid is converted into a fluid, heat is ah- 
sorbedf and the cold made more intense. 

Q. Whg doet VROBT make the e A.nTH cback P 

A. Because the water absorbed in 
warm weather, expanding by the frost, 
I hrusts the particles of earth apart from 
esich other, and leaves a chink or crack 
between 

. Q. sshew the wisdom of God t» this ar- 
rangemenU 

A. These cracks in the earth let in 
air, dew, rain, and many gases favourable 
ro vegetation. 

Q. Why doet the eabth osdmbdz in spanre T 

A. Because the ice of the clods 
dissolves; and the particles of earth 
(thrust apart by the frost) being left 
unsupported, tumble into minute parts, 
as soon as their cement of ice is dissoli^fd. 

Q. Why does mobxab cbombu amy in 
vbostP 

A. BecauM it was not dried in thd 
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ivatm weather: therefore, its moistiire 
freezes, expands, and thrusts the particles 
away from each other; but when the 
frost breaks op, the water condenses, and 
leaves tlie mortar full of cracks and chinks. 

Q. Wktf does stucco mhjrom a wall in 
FB08TT weathar ? 

A. Because the stucco was not dried 
in the warm weather ; therefore, its rnois* 
ture freezes, expands, and thrusts the 
particles away from the wall : but, a.s 
soon as the water condenses again from 
a thaw, the stucco (being unsupported) 
fails by its own weight. 

Q. tVhg cannot bbicklatkbs and bi.abtib> 
BBS work in frosty weather f 

A. Because frost expands mortar, 
and causes the bricks and plaster to 
Start from their position. 

Q. do BBiCKiiATKBS cover their work 

srith STBAW in spring and autumn f 
, A. Because straw is a non-conductor, 
and prevents the mortar of iheir new 
work from freezing, during the bold 
nights of spring and autumn. 

uui 



.Q. Why are watib-pipeb tovered 

with BTBAW in winter-time f 

A. Because straw (being a non-con. 
ductor) prevents the water of the pipet 
from freezing^ and bursting the pipes. 

Q. Why are delicate tbzeb eoeered with 

BTBAW M WIKTXB ? 

A. Because straw (being a non-con- 
ductor) prevents the sap of the tree from 
being frozen. 

Q. Can WATEB he tbozev in any way be- 
BIB KB hy frosty weather f 

A. Yes; in very many ways. Foi 
example— a bottle of water wrapped in 
cotton, and frequently wetted with ethei, 
will soon freeze. 

Q. Why would WATKB TRKEZB if a bottle 
were kept constantly wetted icith etheb ? 

A. Because evaporaliof would cany 
off the heat of the wat*- and reduce it 
to freezing point. 

Q. Wh^ doet WArjaB freeze unded the bb- 
CBivEB of an AiB pump, when ether ie present 
and the air exhausted t 

A. Because evaporation isvery greatly 
increased by the ddmimUion of atmospheric 
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• pressure ; and the ether evaporating jfecj 
rapidly, produces sufficient cold to freeze 
the water. 

FREEZINO VIXTURES. 

1. If nitre be dlesolved in weteri the heat of the liquid will be 
ledneed IG deirrccH. 

2. If 5 ox, of nitre, and 5 of Ml-ammonioo (both dnelw powdered) 
oe dioBolved in 19 oi. of water, the hcut of the liquid will be reduced 
40degree«. 

S. If 3lb9. of enow be added to 1 lb. of aolt, the mintnre will fhll 
to 0* (or 32 dcpreee below frcezini; point). 

The two foUowlnir are the eoldeat mi.xturca jet known 

1. Mix 8 Ibe. of inariato of lime with 1 lb. of enow. 

2 . Mix 5 Ibe. of diluted eulphudo aciil with 4 Ibe. of enow. 

lee may be mode in a red-hot vcMnel thue. Heat a platinum xeeeet 
led-hot, pour into it a little water— then Mime liquid aulphuroue 
acid : turn the ▼ceeel over, and ice will come out. The reaeon le 
tUe, the eulphuroue acid eo auddcnly evaporatee from the heat of 
the veeaeU that the water is fro»'a. 

Q. Why is it mors easy to bwim in the 
BMAf than in a bites ? 

4. Because the specific gravity of 
salt water is greater^ than that of fresh ; 
and. therefore, it buoys up the swimmer 
better. 

* Q. How do eooki tueerUdn ^ their bbute 
h* BAXa XBOiroa for pickling f 

A. They put an egg into the hrihe*. 
If th# egg stnfc, the brine is not strong 
plough ; u the egg foot, it is. 

Q. Whg will an xse bibk if the trine te 
HOT BTBOVe enough for piekling t 

A. Because the egg will be the 

R a S 
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hewier : but if as moch atdt be added a» 
the water can dissolve, the brine will 
buoy up the egg, and cause it to float. 

Q. WhyvrillaHTta^'siOi.TinttrongBvxsm, 
tmi not in water f 

A Because the specific gravity of 
salt and water is greater than that of 
water only. 

Q. Why io pereon* bikk in water when they 
are YnTBEiLFUii ewimmere f 

A. Because they struggle to keep 
their head out of water. 

Q. Explain how this it. 

A. When our head is thrown back 
boldly into the water, our mouth is kept 
eAove the surface, and we are able to breathe : 

But when the head is kept above the 
surface of the water, the chin and mouth 
sink beneath it, and the swimmer is* 
Sttflbcated. 

TMb nifty be illnatrsted tboii If ft piece of wood be of itteb 
•pedflo gravity, that only two tqtmro itschet cnn float ouk 'of water, 
it ii manifest, that if two other inches are raised ont, the two ifev'msf 
Inches most be nluiigetl tft. The htnly (in floating) lesembies this 
pieoeofwood— If two square inchea of our /ore float ontof tUewat^, 
we can breathe; but if part of the back ami rrown of our head be 
faroibly raised above the surface, a proportional quantity of our (hce 
must be plunged in$ and our moutn becomes covered with water. 

Q. W^^OaiK^UADaunOBMPMIlilCaBKBJIUiiT 

Aon uAir . 
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' A. 1st — Because the tnadt ci quad* 
nipeds is lighUr thau water ; and this is 
the greatest part of them : and 

2ndlY — ^Ihe position of a beast (when 
swimming) is a natural one. 

Q. Wh^ is it HOBS SOTicuiT /or a tux 
to swim, than for a beabx ? 

A. 1st — Because his body is' more 
heavy in proportion, than that of a beast : 
and 

2ndly — ^The position and muscular 
action of a man (when swimming) diH'er 
greatly from his ordinary habits.; but 
beasts swim in their ordinary position. 

^ Why can sat men swim more SASiitT 
than BSABS men t 

A. Because fat is lighter than water, 
and the fatter a man is, the more buoyant 
%ill he be. 

Q. Bow are fibbxb able to abcevi* tp the 
. '.VBFACS of water ? ' 

A. '^Fishes have an air-bladder near 
the iihdomen; when this bladder is 
0ed with air, the fish increases in sizb ; 
and (being lighter) ascends through the 
water to its suHaos 
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^ Bum are JUkee able to stTB m a mmatf 

to the BOTTOH of a etream T 

A. They eaepd tlu air from the air- 
bladder ; in consequence of which, their 
tize is diminished^ and they sink instantly. 

CHAPTER XXVll. 

LIGHT. 

Q. What M uoav i* 

A. The unknown cause of vrsiBitiTT 

The men oommanlT reueWed theory of llftht Is thii. A fliild, 
•ailed the>lamiiious emer, fllle up the Intenreiiine npaoee between the 
wrenl partiolea of air. Thie fluid beuift Mt in motion, either 
•ome ohemioal change, by friction, or by Rome other roean8| u 
thrown into a atate of uMulation: and these undulatlona ^ ether 
etrihing on the optic nerTc, make the aye aenaible of ligM, m mueh 
the came way aa undulatlona of olr striking on the drum of the eai^ 
give us the senaation of sound. {See p. 470 

Q. Why can we not see through a bsht tube > 

a. Because light propagates itself 
in straight lines, so long as tho density of 
the medium through which it passes is., 
uniform. 

Q. Why does aa ofaqui body jpmI m 
mkacmheMadf 

A. Because it opposes the passage 
of the light which faUs on it, and cannot 
pass ihrougih iL « 
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« Q. Hms do thexmdtdatuHU qf lAtr pro^tut 

UOBT ? 

A. In the same way as undulatiom 
of air produce sounds : i.e. by register- 
ing themselyes upon the extremities of a 
nerve prepared for their perception. 

The term undulatory Is not rery correct when applied to the 
motion of air and other, in the phenomena of sound and light* It 
IS rather vibratory than undnlatory. 

Q. How FAST doea light THATieL f 

A. All light travels so fast, that it 
would go eight times round tlie eartli, 
while a person counts “ one.” 

All light : whether the light of the mm, the light of a eindle, or 
the refifcled light of houses, tree*, and fields, iraTels in round 
numbers 192,000 miles per second. 

Q. Why are some aurfacee brilliant {like 
ylma and ateel ) and othere bull, like lead f 

A. Because some surfaces rejUct 
much lights and are hihuint; while 
'others absorb a great part of it, and 
appear dull. 

Q. ° Why can a TBorsAND pertont au tie 
iiiliB OBJECT at the eatne (mef 

• A Because it throws off from its 
surface an infinite number of rays in all 
directions ; and one person sees by one 
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portion of these rays, and tlnother person < 
by another. 

Q. Whjf it the eye ta-INKO hy a eudden 
jiiamf 

A. Because the nerve of the eye is 
burdened with rays, before the pupil has 
had time to contract. 

Q. Why doet it give us TXtv if a CAVOtK 
be brought tuddenly towarde 0ttr B ed at night-time f 

A. Because the pupil of the eye 
dilates veiy much in the dark, in order 
to admit more rays. When, therefore, 
a candle is brought suddenly before us, 
the enlarged pupils allow the optic 
nerves to be overloaded with rays, nnd 
this causes pain. 

Q. Why OAS we bxab the eandle-light after 

m fhw momentt T 

A. Because the pupils eontra/et again • 
almost instantly ; and adjust themselves 
to the quantity of light which falls upon 
them. 

Q. Why eon we bsi hothiko, wAbr we 
leave a wxLirUOBTEO room, and go into the 
JtAJUClB BOAD or STBBXT P 

A. Because the pupil (which con- 
tracted in the bright rooml does not 
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•dilate' inetcmtaneously ; and the contjao* 
led pupil is not able to collect rays 
enough irom the darker road or street, 
t.o enable us to see object** before us. 

Q. Whif do we SKI BBTTXB »ihe» we get 

USED ^0 DARK? 

A. Because the pupil dilates again, 
and allows more rays to pass through its 
aperture; iu consequence of wliich, we 
see more distinctly. 

Q. If we look at the svv for a few momenti, 
why do all other things appear dark ? 

A Because the pupil of the eye 
Incomes so much contracted by looking 
at Che sun, that it is too small to collect 
sufficient rays from other objects to enable 
us to distinguish tlieir colours. (See 
•“ Accidental colours;” pp. 421, 425.) 

Q. If we watch a bright rini for a few ■ 
numenle, why doee the boou seem dark ? 

A. • Because the pupil of the eye 
jiecomes so much contracted by looking 
at the fire, that it is too small to collect 
sufficient rays' from the objects around, 
to enable us to distinguish their colours. 
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Q. Wh/ wm we eee the proper oolovb 04 ^« 
rmy eh/eei again^ qfter a few minuteef 

A. Because the pupil dilates agam, 
and accommodates itself to the I^ht 
around. 

Q. Whf eon noKBS. oats, md owts, tee im 

the DABK? 

A. Because they have the power of 
enlarging the pupil of their eyes, sc as to 
collect scattered rays of light more abun* 
dantly: in consequence of which, th^ 
can see distinctly when it is not light 
enough for us to see any thing at all. 

Q. Wfy do OATS and owls bluf almut 
all DAT 7 , 

A. Because the pupil of their eyes is 
very broad, and daylight fatigues them; 
so they close their eyes for relief. 

Q. Why do OATS iUnk when they eit lefitre* 
a TIBI? 

A. Because the pnpil of their eye is 
tery broad, and the light of the fire is 
painful : so they keep shutting their eyeg 
to relieve the sensation of too much light. 

Q. ^yA>TIOX1tS, OATS, OWLS, 4 ’CmFBOWI, 

by MiBHl for vrett 
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• A. Because they tleep aU day, arken 
the strung light would be painful to 
them ; and as they can see clearly in the 
dark, they prowl then for prey. 

Q. do eioW'WOBiiB gUoten bg sight 

ontyr 

A. Because the light of day is so 
strong as to eclipse their feeble light-* 
ill consequence of which, they are in- 
visible by day. 

Q. TThg eon too sot see the btasb m the 
UAT'TIUE i 

A. Because the light of day is so 
powerful as to eclipse the feeble light of 
the <stars; in consequence of which, 
they are invisible by day. 

Q. Why ea» toe see the btabb even at Uio- 
ttAX,Jrom the bottom of a deep wsu< P 

A. Because their light is no longer 
overpowered by the rays of the sun. 
which are lost in numerous reflections 
in the well. 

fhfi rsyi of tbe Mm will enter the well eery obltquth: wherete 
Btnaj elore nrUl shine dtreefly over Ihe wll, {Sttfp, Wi,) 

Q. WhtU is the SBE tf TWO eteb, stnee 
tk^ present onlg one image <f any dfyeett 
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A. .1st — To enlarge our field of 
vision : 

2ndly — ^To increase the distinctness 
of vision : 

3rdly — To diminish the fatigue of 
vision: and 

4thly — ^'To supply the means of sight, 
if one eye is injured or lost. 

Q. IViy do we Not tee things doubu, with 
TWO XTBB ? 

A. Because both images fall on cor- 
responding parts of the two retinm, which 
are simultaneously affected. 

Persona witb oblit^ue viaion m>p double, bccaune both the fmngee 
Uioked at, are not pointed on points of the retiute which cor^fspoLd. 

Q, Why do we beb ourteloet in a ai.AS8 ? 

A, Because the rays of light from 
our face, on striking against tlie surfacft 
of the glass, are refiected, or sent back 
again to our eye. 

Q- Why are the ray t of light 'BXWl^moiy 

a uumoB? 

A. Because they cannot foss through 
the impenetrable metal with which the 
back of the glass is co>ered: so tb^ 
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*rtbomd back again, just as a marble 
would, if it were thrown against a wall. 

Q. When a marble U rolled tou>arde a wall, 
what ie the path Tuuouau whiou it nvve 
called f 

A. The line of incidence. 

Q. WJten a marhU rebounds hack again, 
wkat it the path it TaEN describes called t 

A. The line of ueflection. 

Bm flgure on p. 389. If AR be the line of inoldenoe, then BO m 
the line of rcllcction ; and vice oerao. 

Q. When the light of our face goee to the 
OIiAsa, U)h€d ie the path through which it goes 
OALL£l> ? 

A. The line of incidence. 

Q. When the light of our face ie reflected 
BA.OK again from the mirror y what ie thie aKTUBsr- 
KNO path called t 

^ A. The line of reflection 

Q, What ie the akolb of incidence f 
» A. The angle between the line of 
incidence and the perpendicular. 
e Q. Whai ie the utglb of refieetionf 

A. The angle between the line of 
reflection and the perpendicular. 

Bee flfnrt on p. 881 
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Let ss be any eurfbce, I*B a pernpitthculnr to It — a marble were 
CBrawn from A to B, nnd bounded back to C; then ABP would be 
•ailed the angle of ineidenee, and CB1» the angle otr^tiom. 

Q. Why does our reflection in a mirror 
seem to approach im, as ive walk towards it: 
and to RETIRE FROM OS WE retire f 

A, Because the lines and angles of 
incidence are always equal to the lines 
and angles o f reflection ; in consequence 
of which, the image will always seem to 
be as far behind the mirror, as the real' 
object is be fore iU 
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tappose A to be a mirror— CA|E A, DA. end PA the llnee of M- 
ience ; then GA, KA, HA, tna LA. ere the Hum of refVwtton. 
When the arrow la at CD. ita imape will appear at GH. beoaow 
Hne CA«GA. and line DA^bHA : and alw tne angle CABamngle 
GAB. and angle DABsHAB. For a tiimilar reaaon, If the arrow 
were at £F, the image would leem to be at KL. 

Q. Why eon a man aee hU WHOLl PEBBOif 
rioted in a little mibbob, not 6 imhetin 
length t 

A. Because the lines and angles of 
reflection must he always equal to the 
lines and angles of incidence. 



Let M m be a email mirror, and E an eje. looaing at 1 1. an image 
Jf the object O o reflected from it Then the ray which foils per« 
pendicularly from O, in reflected back in the same line, so that the 
image appears as if^laced at 1. But the rav which foils obliquely 
from o to m. is reflected br an equal angle to O. and the imi^ 
seems to be at L (i. e. in the line of the last refleoUon). Hence thb 
ondre image will appear to be as large os I i. 

Q. Whf doe$ the ihaoc of mjr o^eet in 

'WiLTSB alwtttfe lyopear urnEBTXO ? 

A. Because the angles of inddmre 
are always equal to the angles of reflection. 

. 1 a8 
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hMv tbe arrow head A Btiike« the water at ?, and U reflected ae 
V L>; utd the barb B itrikee the water at ^ and is refleeted 
ae If from a 

If a Bpeotator etande at O, he wtll eee the reflected llnee CE and 
UF« produced aa ftr ae O. 

It IB verv plain, that A (the more derated object) will etrlke the 
water, ana be projected from it more perpendlcularlr than the point 
M; and, therefore, the image will eecm inveited. Set p, 888. 

Q. Whan we eee ow refleotiok in watsb, 
why do we eeem to stahi) on our head ? • 

A. Because the angles of incidence are 
always equal to the angles of reflection. 

llie htit are nearest to the earfrce of the water, and mnet, thera- 
Anre, aeem bo in the leflection ; and the head which Ib more remote, 
mnet aleo eeem more distant from the earfree of the water which 
reflecteit. 

Q. Wh]f do wnroowa teem to blaee ot 
■W'BIBB and STTN-BET P 

A. Because glass is a good reflector 
of Itght : and the rays of the sun (striking 
against the window glass) are reflected, 
or thrown back. 
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Q. Whf do NOT mndowi rffloet tke NC{pN> 
DAT rojfi alnt 

A. They do, but the reflection is not 
um. 

Q. Why U the rtfieetim ttf the kibino att4 
BNTTiHO tun teen mi the window^ and NOT that oj 

the NOON-OAT «tm / 

A. Because the rays of the noon-day 
sun glance ofi* from the glass downwards, 
HO that an observer could not readily 
behold both the window and the suns 
reflection. 

Sun nMT B«wML 
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P. Why can we not see the sun*s ng/leeihnt. 
m a WELL, (iuriny the day-time f 

A. Because the rays of the suk fail 
$0 obliquely, that they never reach the 
surface of the 'water at all, but strike 
against the brick sides. 



Q. IFAy are stabs reflected in a wbli^ 
although the a<JK it sox P ‘ 

A. Because Uie rays of those stabs, 
which pass nearly overhead, will not fall 
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80 obliquely into the well, ae the ray« of 
the sun. 


A STAiL 

A 



Here the siar'e rays AR, AC» both virike ^ water Vt, aad art 
reflected by it. 

The raya of both sun and moon may be reflected from the snrfbce 
of water in a well, so placed cm the earth's surface, that thosa 
«4iiminarlea pass rertically orerhead (i.e. between the tropica.) 

Q. In a theet of water at noon, the mn 
appeart to thine upon only oxs ^t, and all the 
BIST efthe water eeemt dauk, — Wht it thitf 

A. The rays fall at various degrees 
of obliquity on the water, and are reflec- 
ted at similar angles; but only those 
which come from the spot where equal 
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angles are formed, betiveen die sun aa<i 
a perpendicular, and the eye send th6 
same line, are visible as glare. 



Here, of the nn BA. BB, end bU, only the ray 5C meets the eye 
4if the spectator U. If a line were dropped i>erpendicularly over 
C, the angles formed betiveen that line and 8C» and DC; would be 
eowd. 

The spot G, therefore, will appear luminous to the spectator 
but no other spot of the water AUC. 

Q. TTAv arv mors stars vitii/e fivm a 
VOSMTAIR, Man from a plain 7 

A. Because they have less air to pass 
through. As air absorbs and diminishes 
light; therefore, the higher we ascend, 
the ku light will be ^sorbed 
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. ■ Q. Why do the acM and uoon« 0 Mii uboxii 
at, their BiBUie and SBTTUie, that at any &har 
tiineT 

A. The appearance is an illusion, in 
consequence of terrestrial objects being 
placed in close comparison wiU) tluun at 
uiie time and not at the other. 

The eun hnir really the mmc apparent anirular aiae wtai.H on tbe 
oorixon, ami when high in the akr. The moon icenui rea)l]r«ma//ar 
irtaen on the horixon than when high up. 

Q. Why do the buk and moon appear ae if 
fattened into oval forms when seen on the horixem f 

A. Because the lower portions of the 
disc are more displaced by the refractive 
power of the atmosphere than the top, 
so that the vertical diameter is reduced 
in length. No such reduction takes 
place in the transverse diameter, there* 
fore the breadth seems longe.r tlian the 
;depth. 

Q. How does uoht eauee the ptg>il qf the 
eye to COKTiiact ? 

A. j. The pupil of the eye is a round 
hole, in the midst of a moveable muscular 
•urtain or screen, called the iris. When 
too much light fails on the nervous 
retina at the back of the eye, it irritates 
it ; and Uiis tmVofton ig conveyed to tlte 
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muscular rings compering the curtain by’ 
small nerrous fibres, causing them to 
contract. 

The Mine elfcet le iirodueed ^ inereeelnf or dimfnliihiiif thr 
object aperture of a telMOope. The power of a email part of the 
pupil to allow a perfect but fainter image of an objeot to be foniied« 
may be thua prored :~Fia the eye attentively upon the flame of a 
eandle, then very slowly advance the edge of a oard» held oloaely tc 
the eye, more and more aeroae the pupil, and the flame will be seen 
to get fhinter and fainter, although it atill prearrvM Its perfect 
outliiie ; at last, It disappears all at onee. 

Q Why can tee mot ske into the btbut or 
road, when eandleeare lighted t 

A. Because tlie pupil of the eye 
(having become contracted by the light of 
the room) is too maU to collect rays 
enough from the dark street, to enable 
us to see objects in it. 

Q. Why do we often tee the riBZ BXFUCOm 
10 our parlour wimdow in wintertime f 

A Because glass is a good reflector, 
and the rays of the fire (striking against 
the window glass) are reflected back into 
the room again. 

Q. Why do toe qften tee teveral refleetiont 
of our riBE or oamsleb in the window, while wt 
are sitting in our parlour f 

A. 1st — Because both surfaces of the 

window glass reflect them; and 
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' &dlj — The reflections are mnlti^ied 

by imperfections in the glass. 

Q. Why if this refiectioti tnort dear, (f iht 
external aib he dark ? 

A. Because the reflection is not 
(clipsed by brighter rays, passing through 
from the other side of the window. 

Q. 1/ the SHADOW of an objeet be thrown on 
a wall, — the closer the olyect if held to a candlb, 
the LARGER will be its shadow. Why i* thi* t 

A. Because the rays of light diverge 
from the flame of a candle in atraighl 
lines, like lines drawn from the centre of 
a circle. 



Here' the enow A held close to the eendls, trr* east the shadow 
KB on a wall ; while the same arrow brid at C would cast only the 
ttule diadow 1)£. * ^ w • 
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Why d«et Oft ▲TZHVB of tubes, or a long 
Hnight btbeet, teem to get vxrroweb ami ffor- 
rower in the dutanee, tUftho two tide* oippeor to 
KEET? 

A. Because the vmt distant trees or 
houses are, the more acute will be the 
angle, tliat any opposite two make wiUi 
our eye. 


c jSs ^ O ^ 
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ll«re the wuitn oetHecn the uecs A und H will ©fvni to be m greet 
A the line AB : 

But the width between the treee C end D will Mem to be no more 
fheaEF. 

Q. J» on ATENUE or long straight street, 
WHT do trees or houses seem to be suaeleb and 
smaller as their distance increases ? 

A. Because the more distant trees or 
houses are, the more acute will be tM 
angle made by their perpendicular height 
with our eye. 
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Hfre the flmt tree AB will anpenr the heifrht of the Une AB; Ni* 
the last tree CD will appear only os hifth as the line EF. 

Q. , Why do some glasaei magnify objects, 
and others diminish them f 

A. This depends upon the focus of 
the glass: if a glass makes the focal 
distance of an object loiujer, the object 
appears diminished in size : if shorter, it 
nisgnihes. 

The focal distance means the distance at which the eye peroelTee 
an object distinctly. A microscupc inuitnlHes by ennblinit tne eye to 
■ee an imaitc closer to the eye, than would he posaible otnerwise. 

In the hist two Hfrurrs it Is evident --That the lurirer the anale 
made by two linos connecting tliv objoci with the eye, the larger the 
object will apfiour, nn<l ritu rer««. But this anitlo becomes smaller 
and smiiller us tho object U removctl hirthcr Trom ns. Thus the 
angle CG D is less tlnin llie angle AGB. 1 f a lens therefore iengihem 
the focosi It diminishes objects; If it thortena the rooua, it magniflea 

thiitn- 


Q. * Why does a man on the top of a mountain 
or church spire^ seem to be no biugeh than a 
hrowT 

k. Because the angles made in our 
•je by the petficndicular height of a man 

uni 
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at Uiat distance, is no bigger than tiia* . 
made by a crow close by 


A 



B 


l<et AB be a man on a di'^tant moantain oi Hpire. and CO a ori» 
oloM* by : 

The man will appear only aa bifb aa the Una CD, which la the 
height of the crow. 

Q. JVhi/ does the WOOK appear to ns so much 
LA.BQER than the staus, tkouffh in fact it is a 
great deal smaller ? 

A. Because the moon is very much 
nearer to us, than any of the stars. . 



B 


Let AB repreai'nt a fixed atar, and CD the moon. 

AB though much the larger btKly. will appear no bUnerfban KK* 
whereaa the moon (CD) wiU appear aa lar^ aa the line CD to me 
npeotator O. 

The moon Is S40,000 mllea from the earth, not quite a quarter of a 
inUUon of miles The nrureat Axed stars are 20,000,000,<kK>,0ff0 (i« • 
AOblUiona.) 

If a ball went 500 miles an hour. It would reach the mocm in 
twenty days; but it would uo* reasb tbs usaieat tied star In 
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• 4,MD,iNN> Tetn. Bad it besun, therefore, when Adam was enated* 
ft would be no ftarther on Ue journey, than a coach (which %aa to 
KO from the Land** End, Cornwall, to the moot northern parta dT 
oeotland) after it han pawied about tUrce-<)Uartcra of a mile. 

Q. Why do the suN and moon {which arc 
ipherec) appear to be flat curfacat ? 

A. Because they are such an immense 
way off, that we can discern no difference 
of length between those rays which issue 
from the edge, and those which issue 
from the centre of these bodies. 



The raye AD and CD appear to he no lonKcr than the raj BD: 
hot if all the raja Bonn of iho «iiiio tenirlh, tin* part R will not iieem 
to bo wearer to us than A and C ; oud, therefore, ABC will look Uka 
a flat or atraiKht line. 

The rajs AD and CD, in the caae of the moon, are 340,000 miles 
long. 

The raj BD is 238,010 miles long. 

■* Q. W7/y Joe. uistakcx make an object 
ISVISIBLX? 

A. Because no visible perpendicular 
“ can be inserted between tlie lines which 
fprm the angle ; or because tlie light lias 
been made \eiy faint by die distance. 

imam formed within the eje, folia upon so small an area of 
he tntemal membrane, that thin U not able ut affect ita peroentioni 
iritfttuialateaiW-^tofointljr thai iio feiue of slgbifolfowt. * 

••• B 


m 


SHIP AT SRA. 


Q. TEI.E8C0PKS enMt ut to ooe, 

obfoeto ui-rtB(Bl.i 2 to the naked eye / 

A. Because they gather together 
more luminous rays from obscure objects, 
than the eye can ; and form a bright 
image of them in the tube of the teles- 
cope, where they are magnified. 

At many tini«a an the dimcnatofiR of the objWt^gtou exceed the 
dimenaloiM of the pupit af the eye^ m» many iiiuch the pcnetratinf 
fewere of the teleacope will exceed that of the naked eye. 

Q. When a ship (out at nea) ie approaching 
ehore, why do ske the email masts^ before we 
eee the bulky hull ? 

A. Because the earth is round ; and 
tlm curve of the sea hides the hull from 
our eyes, after the tall masts have be- 
come visible. • 





Here only that part ui the Mhip abtire the Une AC; oaiPbe Men fw « 
the apectator A; the mt of the ahip ia hidden by the awell of tiie 
eorreDE. 

Q. What it meant by asniAOTtoir P * 
A. Bending a ray of light, as it 
passes from one mmlinm to another. 



.BKFfUCTIOV OF LIGHT. 4Q8 

Q. How u a rey of light bkkt, wi^ it 
pattnjhm one medium to onotker t 

A. When a ray of light passes into 
a ienser medium, it is bent toioarde the 
perpendicular. NVhen it passes into a 
rarer medium, it is bent /rtm the per. 
pendicnlar. 



SuppoM Dfi ui be a perpendinalar line. 

If AB (a ray of light) enters the water, U will be bmi towage* 
the perpendicular to C. 

If (on (he other hand' CB (a ray of light) emerges the iratfei , 
U would be bent awayjrom the perpendicular towards A. 

Q.* y light and eound are both produced hg 
oeeiUatione, why can we not bee light, ae well at 
‘hear eounde, through a bent trumpet or horn f 

A. Because many substances reflect 
the oscillations of sound, that do not 
reflect the oscillations, of light. 
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Iiit0|^eiilng angle* obatnict the paanago of aoand In aome measure^ 
but not to the Mime ezient as they obMtruct the panmige of light. 
Thus if a card be placed between a vibrating tuning fork and the aii. 
the sound Is doilrd. On the other hand, light may be trunamitted 
through a bent tube, If reflecting tnlrrorH,are properly placed at th 
angles. 

Q. Why doe» a SPOOK {in a glans oj water) 
always appear bent ? 

A, Because the light (reflected from 
the spoon) is refracted, os it emerges from 
the water. 



Here the spoon ABC is rehvcted, when It enters the water, anJ 
appears broken iw A HI). 

A common exiirriment, bearing a minilur explanation, is this: Put 
aabillitig in an empty iMKiii— move nwny till you just lose sight of 
*hc coin— let Mime one |i*iiir clean water in the basin, and theabilUng 
will again become visible to you. 

o 

Q. Tf^ty does a river always appear morr 
shallow, than it really is t 

A. Because the .light of the bottom 
of the river is rkfi;acted, as it emerge^ 
out of the water. 
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8reJI§, on p, 4M. The bottom of the neer wil.' appeer elcvatcdi 
* hke the howl of the epoon D. 

Q. How muck deeper is a river, than it 
eeeme to he f 

A. About one-third. If, therefore, 
a river seems only 4 feet deep, it is in 
reality nearly 6 feet deep. 

The exact apparent depth would he 4^. To And the real depth 
multiply by 4 and divide by 3— thu« 4^ x 4 -«-Sac« feet real depth. 

N.U.— Many boys get out of their depth in bathing, In conacouence 
of thia deception. K«>nu'iiib(‘r, a river is alwaya onc-thlrd deeper 
than it appeara to be thua, if a river seonia to be 4 feet deep, it ia 
in reality nearly 6 feet deep, and ao on. 

Q. Why dofiehee eeem to he nearer the eur* 
face of a river, than they really are it 

A. Because the rays of light from the 
fish are refracted, as they emerge from 
the water: In consequence of which, 
the fish appear nearer to our eye, tlian 
they really are. 

Soojtp. on p, 40i, 

Q. Why are eome peraone v eae-biohtbb ? 

, A. * Because the cok mea of tlieir eye 
is so prominent, that the image of distant 
objects is formed before it reaches the 
ret'ina ; and, therefore, is not distiuctly 
seen. 
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NEAR AND FAR STOfTT 


ift" 

fFhai i§ meafit by the ** 

GObVba of 

■T*?” 




A. 

All the transparent 

part 

of the 

front 

of the eye~hall. 



The curve 

ABC ta 

wllwl UM 


oob'nka. 



If thin curve be too iiromlnont 
(or convex), the eye is near-nighted. 


If too Hut (or concave), the eye 
!■ far-oiirhteiu 


Q. H’Aal it meant by the “ set'ina (jf the 

*1E i"’ 

A. The net-work, which lines the 
back of the eye, is called the retina. 



The net-work ABC is called the ret'lna, 
and the prujecitnir pai t D£K Is ctdled the 
cur'nea. 


N.B.— Thin net-work t« componed of a 
■preutUng out of the fibres of the nerve of 
vision. 


The eye is covered with a tough pearly opaque membrane, called 
the Mcirrot*rie coat, going all round the eye except over the front 
DEK (the cornea) ; at 1) and K it terniin.iies and makes a groove. 
Into wnich the tmnnpnrent cornea fits, juNi as a watch glass fits into 
Ihe metal rim made to receive it. ^ 

The opening just below A ia the optic nerve, which enters the 
eye on that aide ne;ireHt the nose ; and after it gets Into the eye, 
expands Into the lining called the retina. • 


Q. Whai tort of glasses do if e ab-siohted 
pertont wear t 

A. If the cor'nea be too convex (ua 
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projecting), the person must wear double 
concave glasses, to counteract it. 

Q. What it meant bg "duvdu cohoit* 

GLASSES i"' 

A. Glasses hollowed-in on both sides. 

. 1 1 The flgare A 1» dnttblo eonenwai, or ooncawt on both 

A 1 1 aidii. 

Q. Where is the IMAGE of objects formed^ if 

the cornea be too convex ? 

A. If the cur'uea be too convex, the 
image of a distant object is formed in the 
vitreous humours of tiie eye, and not on 
the ret'ina. 


Thus tbp tmnffp In ronncd at DB ; nnc 
not on ABC (the retine). 


Q. Mhat it the me of double coifCA>B 
srsoTACLS glattetf 

A. To cast the image further bach; 
in order that it may be thrown upon the 
retina and become visible. 




4rail3 SPECTACLES FOB THE AOka 


Q. WhgrnvovapeoptetOi-mkTka^ * 
A. Becau^ the numours of their 
ryes are dried up by age: in conse* 
qnence of which, the cob'mea ntiks in , 
or becomes flattened. 

Q. Why doettkerhJLjrzviva^ the con'vtA. 
prevent pereone eeeing objeete ichteh are heab ? 

A. Because the cornea is too flat; 
and the image of any near object is not 
completely formed, when rays reach the 
hbtina; in consequence of which, the 
image is imperfect and confused. 


The perfect image would be m.idetat HE; 
and not on AUU (the letlrnty. 


Cj. WImI sort of GLASSES do OLD peopld 
WEAR ? 

A. As their cornea is not sufficiently 
convex, they must use double convex 
glasses, to enable them to see objec1|i 
near at hand. 

Q. WTittt eort of glaeeee are “ soublx ooir> 

TKX SrXCTACUt OLABSES f 
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’ A Glasses which curve outuiardai oq 
both sides. 


The flf (ire A It douUe aonen, or mnn bbu 


Q. What it the ute of DOVBLB ocorraa 
tpeetaele glattet t 

K. To shorten the focus of the eye, 
and bring the image of distant objects 
upon the ret'ina. 

Q. Whg do KEA.B-8TOHTKD ptrtont bring 
objects CLOBU to the ege, in order to bee them P 

k. Because the retracting powers of 
their eye are so great, that tlie image d 
distant objects is formed in front of the 
ret'ina: but when objects are brought 
‘near to the eye, their image is thrown 
ftSTthcr hack, and made to fall on tlie 
ret'img 

Becaoee then the roTe which come from them to the eye are more 
divergent, and, theiefore, require mure retracting power to bring 
them to m/ocus, 

Q. Why do old people hold ohjeete fab 
OFF, in order to see them letter ? 

' K Because tlie relVucting powers ol 
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their eyes are not great enough : when, > 
however, objects are held further off, it 
compensates for this defect; and a per- 
fect image is formed on the rot’ina. 

Q. art dawks able to tee tueh on 

naixvsB tmiy qf/ 

A. Because they have a muscle in 
the eye,' which enables them to flatten 
their cornea, by drawing back the crystal- 
line lens. 

There In ^et nome little uTieertainty to the ceiue hy vhieh tte 
eye It enable to adapt Itnelf to varying dlatancea. 

Q. Why can tee objeett within hflf- 

on-inch of their eyet, at well at thote a long 
way gfft 

A. Because their eyes are fumiched 
with a flexible bony rim; which can 
throw the cornea forward, and make the 
hawk near-sighted {see p. 405). 

Q. Into how many vasts may a hat gf 
LIODT be DIVIDED ? 

A. Into three parts : Blue, Ykllow,^ 
and Red. 

N.B. These three eoloars, bToombination.inake eeroL 
S.— Oraxok (or red and yellow). 3 .— Ykllow. (or 

yellow and blue). A.— Blus. 6.--Ikjiioo (a ahade of bhie) ; and 
7.— Viokn (or blue and red). 

Q. How w it known, that a ray of light 
oonnito rf aeveral ^^eront eoUmro * 
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A. Because a triangular piece of 
glass (called a prism), will divid6 it mto 
these seven colours: 1.— Bed; 2.— 
Orange; 3. — ^Yellow; 4. — ^Green; 5. — 
Blue ; 6. — Indigo ; and 7. — Violet. 

Q. Why doe* a PBisu sivtoi a n^iif UgH 

into TABIOUS COLOUBS ? 

A. Because all these colours have 
different refractive susceptibilities. Red 
is refracted least, and blue the most: 
therefore, the blue colour of the ray will 
be bent to the top of the prism, and the 
red will remain at the bottom. 




, Here the ny AD (rcueived oo a piinm at B), would have the bhia 
nari bent up to C tho yellow part to O; and the red part no 
mrther than E. 

Q. Tfliat it meant hy the befbaotios of a 
rayt ^ . . . . . ' 

A. Bending it from its straight line. 

V Thai Uie ray AD of the laat figure la infracted at B into ttirte 
eooraea, €• D, and K. 

Q. What it the eaute of a baibbow P 
A. When the clouds opposite the sno 
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are .very dark^ and rain is still falling 
from them, ttie raj's of the bright sun 
are divided into colours by the rain-drops, 
as thej m^ould be by a prism. 



l.pt A, ls« and C bv three dropa ot ; tiA, SB, and nC, Uirea 
ra>s of the aun. They nre all divided uuo three coloui'a, by the 
dr^8 of ruin un ivhich they fall, and are rellt'cted towarda the cyt 

But aince the coloured rnya are bt'ut In dilTerent degreea, and the 
dropa placed at different heiKbta, only one colour from each entera 
the eye. 

Hence the eye recolvea the least refranprible (red) frotn A ; the 
next IcuHt (yelloa') fvuni B; and the most iriningible (blue! fromC. 
Aa, however, inuiiv tliops aie siudlui!^ circuiiir^uimct'a wito regard 
to the eye, archei) bauds of coioui'H aic viaiUle, constituting th^ 
rainbow. 

Q. Iktes ITERT person see the bajis eoloult 
frtm the BAHE DROi>A y 
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A. No : no two persons see (he same 
rainbow. 

To another apeeutor the roTa ftnom RB might be rtA Inatead of 
rellow : the ray from SC, yellow ; and the blue might be reflected 
from some cirop below C. To a thit d |ieriMm the red may isHUt 
From a drop above A, and then A would relleot the yellow, and n 
the blue, and no on. 

Q. Why are there often two raiwbowb, ol 
one and the same time ? 

A. In om rainbow we see the ravs 

if 

the sun entering the rain-drops at the 
top, and reflected to the eye from the 
bottom. 

In the other rainbow, we see the rays 
of the sun entering the rain-drops at the 
bottom, and reflected at tlie top, whence 
reach the eye. 



BeretlioraySA tofthepilmary rainbow) etrikea the drop 
la refractad or bent to B,-4a then refleoed to C, where Itianftpaiai 
fgain, and reachea ttap eye of the apectator. iAw p. 414,) 

N A B 
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Uen tiM ray SB (of the acooitUary rainbow) Htrikm the drop at 
refracted to A,— i« then rejected to attain reflected to 

when It if again refracted or bent, UU it reachca t^ eye of the 
epoeutor. 

Q. Why are the cotoVBS of the second ho» 
M UETBBSEO ? 

A. Because in one bow we see the 
rays, which enter at the top of the rain- 
drops, refracted from the bottom; 

But in the other bow we see the rays, , 
which enter at the bottom of the rain- 
drops (after two reflections) refracted 
from the top. 

Se§ Jlfiure cm mcst pc§m 

Here ABC repreeent three drop* of rain in the anooimanT (or 
npper) mAiivBow. 

The IcMt refraeted line in lun, and blvo the meet. 

flothe BLVB (or meet refracted rays) of all the drops in the poritinn 
of A,<-Ahe TBLLow of those in the posttion of B, ana the mm (or tils 
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Imwf refnicrml niy«) of ih(' Inwcut ikU iua«i,.Uie eje 1), UM 

form a rainbow to the Mpectaior. 

The rvoHor. why tho primary bow exhibit^ the etronver eoloun 
la th.ii—becauiie the are seen after on# reflt*ction and fwe 

rehrnfitinnH : but the colour:* of the m^cimilary (or upper) miabow, 
uidergo two reftertione and tm* refractiomi. 

Jljfuro on p 412.) Here aloo the Irnst refiracted ray Is ua , 
ana the most refracted BLvn (os In the former ease) ; but the posithai 
of each UreTeraed. 

Q. JVh^ does a boap bubble exhibit eueh a 

VARIETY of COLOURS ? 

A. » Because the thickness of the film 
through which the rays pass, is con- 
l8tantly varying. 

Q. Why does the thickivebs of the piLif 
effect the OOLOUE of a eoap bubble f 
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A. Becatise diHerent degrees of thick- 
ness in tlie film produce different powers 
of refraction ; and, tlierefore, where the 
Sickness of the film varies, different 
colours reach the eye. 

WbM'e ft npot on th<» hnhlilG trrowii excMidTel^ thin, It ftppeftri 
black, becftuac it then tran^uata all the liKhi and reflecU none. 

Q. Whg it a .<;oap i>uubi.e to eontfatt/lj/ 

CHAVOISO its THICKNESS P 

A. Because water runs down from the 
top to the bottom of the bubble, till the 
crown becomes so thin us to burst. 

Q. Whg are boue thingt tbanbpabeitt P 

A. Because they are so constituted 
as to allow the vibrations of light to 
be uniformly U'unsmitted through their 
substance. 

Q. Why are tome thingt hot tbahspabeht P. 

A. Because they are so constituted 
ns not to allow tlie vibrations of light to 
be transmitted through tlieir subftauce. 

Thercltore they are seen by light reftected back from them, instrftd 
of ftHowinf other bodies to be seen by light tranroiltted through 

. Q. Why orif DBY pafyb and eulico (which 
are opaque) made transparent hy beiny oiled ? 
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. A. Because the pores are filled^ by 
the oil, which has a diflerent refractive 
power to the substance of the paper 
Itself: — ^by this means the substance 
acquires the property of transmitting 
vibrations of light. 

Q. Why are bomb thing* BiitNiNO, and 
etihera dull t* 

A. Becnnse some things reflect rays, 
and are fenV/Z/t ; Imt others absorb them. 

Q. Why do L'KBEitTS DAZZLE from aumhine T 

A. Bocuus(! each grain of sand reflects 
the rays of the sun, like a mirror. 

Q Why are the ekoes of clouds more 
LUl^NOUB, than their centhI'.b? 

A. Because the body of vapour is 
thinnest at the e<lges of the clouds. 

Q. Wht M « ray of liout compoaed oj 
‘TABIOVS COLOCHB P 

A. To vary the colour of different 
objects. If solar light were of one uni-' • 
'form colour, all objects would appear of 
tflat one colour, or else black. 

Q. Some thing* are of OVE COLOUR, and 
some rf A.KOTUEH. Sxplatn the cauae of thi*. 

A. Every rav «>f light is composed of 
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all (lie colours of the rainbow ; and some , 
things reflect one of these colours, and 
some another. 

Q. Why do some thinffir^leet ove cohoxm, 

mid some anotheb? 

A. Because the surface of things is 
differently constructed, both physically and 
chemically. 

An the thickneM of ■ eord affpcta the time of it, eo the thiekneM of 
a laininii affects its colour, as may be seen in a soap bubble. Thin 
t/Ufht cords prtHluce sharp shrill sounds, and thin lamlnoc prodnee 
blue and violet colours. Thick Uiooe cords pi-oduce deep bass sounds* 
and thick laminm red colours. 

Q. Why is a violet blue 5' 

A. Because the undulations of ether, 
which touch its surface, tu'e thrown back 
with the utmost rapidity ; as the undu- 
lations of sound from a very thin tight 
cord of an Ailolian harp. 

Blue, or rather purp.e, is the h igh tt eble vibratioo of liffht. like the* 
upper C in music. In order to priNluce violet colour, the undulations 
or ether must be <ii)9 millions of millions |>er second : and in order 
10 make high C in music, a cord must vibrate 516 timee per seomui. 

Q. Why is a bobe seu ? 

A. Red is tlie deep bass vibration of 
ether, in which the undulations are a§ 
slow as tliey possibly can be, in order 
he apparent 
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Mcbce the blind man, who Mid *■ tlie detp tlitt of t truDMt «M 
■uirlet,*' fell au analogy, which Mienoe corroborates. * 

To produce red. the ether most be jerked off the soHbee of the 
body at the rate of 477 milUons of milUona Tlbratioiis fca a aeeondt 
and in order to make low O in muaio, the air most vibrate eaiy tfll 
limes m a second. 

Q. Whu it a pbiubobi tbliow P 

A. Yellow is raaile by the medium 
vibrations, as the middle C in music. 

Q. Why are tome thingt BLACK, like malt f 

A. Because tlieir surface will not 
reflect tlie undulations of ether which 
touch it : in consequence of which, they 
cease. 

These surfaces are to lights what Insoaoroos sabetanees are to 
eswid. 

Q. Why are tome thingt whitb, like a lily t 

A. Because their surface is so con> 
structed as to set in motion the undula- 
tions of ether, so that all the rays are 
.reflected together, as harmonious tones 
in a full chord of music. 

Q. Why are froth, bprat, many ou>in>a > 
tsX, uniB, TiiuEAi), ^e., ^c., white f 

A. Because they consist of an infinite 
*number of little particles piled one upon 
another, which are able to reflect all the 
coloured r«vB, 
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Q, Whjf are bokkb white t 

A. Because they are composed of 
Tery small straight pipes, capable of 
reflecting all the colours together: 601 
would be no thicker than a hair. 

On the eoloar of enow, eugnr, ealt, &e., eee p, SSI. 

Q. Why are the leatf.8 of planta green t 

A. Because a peculiar chemical prin 
ciple, called cho'rophyll, is formed rvitbii: 
their ee\h. 

CUoTophyll ^cAXov, (a preen ler/) to the ireen im i tt e r 

id vegetable eubi«tanccH. I*ronouuc« klo'-ro-flU. 

Q. Why are leavei a LIOUT green in sPBive .* 

A. Because the chlo'rophyll is not 
fully formed. 

^ Why do leaves turn BltOWW in AUTBIDI ? 

A. Because the chlo'ropliyll under> 
goes decay ; and is not replaced as it is 
iu spring. 

Q. Why are plants a palb tbuow, when 
kept in the itAUK ” 

A. Because chlo rophyll can be formed 
only by the agency of the sun's rays. 

^ Why are potatobs tbli.ow ^ 

A. Because tliey are grown under- 
ground : and therefore, can form no 
cldo 'rophyll in tlnir tubers 
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Q. Whg are potatoet (ahieh grow XX^Ui> 
to tAeair and light) obbkn P 

A. Because chlo'rophyll is formed in 
them, under the influence of the sun's 
light. 

Q. Why do the stabs twiskm ? 

A. Because rays of light, proceeding 
f)'om the same centre of vibration, destroy 
each other, owing to the inequality of 
their paths, producing recurring periods 
of motnentary darktiess. 


The (tifTcring refrrtngibiUtjr of the eimonpherio fomu paiwed 
through, IS the princi|».il cause of tho inuquulity in the motion of 
the ^cocesiFe eystemfl of waveu. 

The elmil.irity between sound ami light hnn been already adverted 
to in pp. -ilB, 41tt.>->JLn this particular we lind another forcible re- 
■emblonce, via. : 

I. Two aoiTNiM inraRcirriNO lucn ornmn'e oeciLLATioxi at 
oppoalte phaeee, will sotu bb bilb>cbd. 

Tlbrate a tuning fork, and hold it over the mouth of a glase 
heaker, the air will inetantly assume eonoroua nbrations, and a 
ton9 will be produced. 

Now told a beaker at right angles to the other, and the mnsical i 
tone wilrinstantly cease. Withdraw tho second glass, and the tone 
returns. Hold it again at right angles to the other, and the tone is 
•ilenced; and this may bo repeated several times. 

II. So alat TWO rats of liout iMTiacBpruia naon otksb al 
opposite phas^ will pbuovcb dabkhbss. 

Because the depression of one set of wsree will be exaetlr men* 
eared by the elevation pf the other act, iind viM versa. To esoteui 
this.— > 


• h 
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If B were fitted into A, ee the depreMlon of B le eseetiT eom- 
Bensnnite with the elcwiitlon of A, the two wery Unee wonla mek* 
e level Mrlhoe. 


k:P\z^, 

Ageiiit euppoM A the unduletiuns of one ster» end B tboee of 
eaother, euctlr half e phase different, then it is evident that the 
elevettons and depresoions of A would be eioctly destroyed by the 
depressions and elevations of B ; and the result of snch an later* 
Inmes may be illnstrated by the foUowInp algebralo formula : 

-I- — ^ — 

~ 4 » - 4 - 

• • « • 
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Bm A D to a wave, A C one phase, C D Ito oppomta phnaa. 

Q. ^ ffofo Bfdtxr 0 Mlick (burnt at oneendj 
prettjf briskfv boubb^ ft oeemM to make a oibclb 
OB WEE, —Why is tkisf 

A. Because tiie eye retaim the imagt 


TUJltri(ATR01>IS. 


4JIZ 

of any bright object, after the object itedf 
is withdravm; and as the spark of the 
stick returns before the image has faded 
from the eye, it seems to form a complete 
circle. 

Q. ^ Htforaie Jiquret (as a eian aada horse) 
be drawn on different sides of a card, and the 
card TWISTED quickly, the man will seem to be 
seated on the horse , — Why m this T 

A. Because the image of the horse 
remains upon the eye, till the man appears. 

The Tbftamatrnpe is eonstnictrd on thia principle ; it wan invented 
by Dr. Pai i«. and ronsioted at Hrst of ii plt'oe of circular card, havinf 
two silk HtrinKa fualcnc<l at the two extremea of ita diameter ; by 
twiatlng the atrlriKH, the cuid ia turned luund aitli great rapidity, 
tnd the man on one aide of the card aeema aralf^ on the horae 
pain^ on the obverae aide. The niagtiifleent confoi niationa of 
coloured u aves, by the same butrumeut, ia a great ImproTcuient 
on the original tt>y. 

Q. ff' we look at a &ED-Aof fihb for a few 
minuteSf 'wui does every thing seem tinged with 

a BLUISH 01i££N ColoWT t 

A. Because bluish green is the 
“ ACQinENTAL coloue” of red : If we fi» 
our eye upon any colour whatsoever, we 
see every object tinged with its accidmtal 
colowr, when we turn aside. 
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n’^y doe» the eye pereeioe the aociokntax 
cmiAlTB, when the fundatnental one ia removed t 

A. Because the nerve of the eye has 
become tired of the one, but still remains 
fresh for the perception of the other. 

Q. If we wear ntiUE glasses, why doe* every 
thing appear tinged with ouakge, when we take 
titem off t 

A. Because orange is tlie accidental 
colour” of blue : and if we look through 
blue glasses^ we shall see its “ accidental 
colour” when we lay our glasses aside. 

Q. If we look at (he sox. /or a few moments, 
every thing seems titled with a violet colour , — 
Wur M this r 

A. Because violet is the “ accide^al 
colour” of yellow ; and as the sun is yel- 
low, we shall see its “ accidental colour” 
blue, when we turn from gazing at it. 

Q. Does not the dakc shadow (which seems *' 
to hang over every thing, after we turn frota 
looking at the sun) arise from our eyes being 
DAZZLED P o , 

A. Partly so : the pupil of the eye is 
very much contraHed by the brilliant light* 
of the sun, and does not adjust itself 
immediately to the feebler light of terres* 
trial objects; bui, independent of this, 
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the ** ACCIDENTAL coLOua" of the, son 
being dark violet, would tend to throw a 
shadow upon all things. {See p. 383.) 

Q. W%f/ is BLACK fffross for speetaoles tho 
BEST for wear^ in this respect f 

A. Because white is the accidental 
colour of black; and if we wear black 
glasses, every tiling will appear tn white 
light, when we take them oil’. 

Q. does every thiny seem shadowed with 

a BLA.CK MIST, when we take of our common 
8BECTAOLRS ? 

A. Because the glasses are white: 
an^ black being its “ accidental colour,” 
eveiy thing appears in a black shade, 
when we lay our glasses down. 

The ftccidpntal ooloor of red !• bluleh green. 

„ „ „ of orenge „ blue. 

•• „ of vicilel „ yelloir. 

„ „ „ of black „ white, 

and fhe conreroe of thin In true 

The accidental colour of bluish green la red. 

• „ „ „ of blue „ orange, , 

N „ „ of yellow M 

•• ff ,, of white bluck. 

(The law of an accidental colour is this— The accidental eoloiir ■ 
always half the spectrum. Thus if we take half the length of the 
tpeciram by a pair of oompawtes, and fla one leg In any colour, the 
other leg will hit upon its aoddeotal colour.) 

N.B.— 'The spectrum means the seven colours (red, orange, yellowj 
green, bine, indigo, and violet,) divided into seven sguai baiia% and 
ptaoed side aide ia the order Jnst numUoned. 
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CHAPTER XXVIII. 


SOUND. 


Q. How it BOWS produced t 

A. The vibratiou ol‘ some sonorous 
substance produces a coiresponding mo- 
lion in the air, which stidkes upon the 
drum of the ear, and gives the sensatiou 
of sound. 

Q. If^at ore musical bouvls ? 

A. Regular aud uuiiurm successions 
of vibrations. 

Q. How fast does sound tsatel P 

A. About 13 miles in a minute, or 
1143 feet in a second of time. 

Light would go 8 times round the whole earth, while touiid U 
going iU 13 uulee. 

Q. Why are soux things sonorous, and others 

HOT? „ 

A. The sonorous quality of any 
substance, is connected wiih its hardness < 
asid elasticity. 

Q. Why are codpbr and ikon tanorvus, 
aad not lead r 
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A. Because copper and iron are hard 
and dastic ; but lead, being neither hard 
nor yet elastic, is not sonorous. 

Q. 0/ what it nthi^UKTi-i. made? 

A. Of copper and tin in the following 
proportions : — In eveiy 5 pounds of bell- 
metal, there should be 1 lb. of tin, and 
4, lbs. of copper. 

Q. Why it thit mixture iff tin and copper 
uied for bell-metai. ? 

A. Because it is much harder and 
more elastic, than any of the pure 
.metals. 

Q. Why it the tound of a hell stopped, by 
TOBCU wo the bell with our jlnyer i 

A. Because the weigljt of our finger 
slops the vibrations of the bell: and as 
soon as the bell ceases to vibrate, it ceases 
' to make sound-waves in the air. 

Q. Why doet a bpi.it bell malie a hoorte 
ditagreeable tound t 

k.* Because the split of the bell 
/Pluses a double vibration: And as tdie 
sound-waves clash and jar, they impede 
each other’s motion* and produce discor- 
dant (Uiliud^ 
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Q, Why do nDOLi-STBiNOS jprt mmieal 
mmdtt 

A. Because the bow causes them to 
vibrate ; and this vibration sets in motion 
the sound-waves of the air, and produces 
musical notes. 

Q. Why doe» a dirtm xoun>t f 

A. Because the parchment head of 
the drum vibrates from the blow of the 
drum-stick, and sets in motion the 
sound-waves of the air. 

Q. Why do music \L olassks tfive sound 9 

A, Because the glasses vibrate when 
they are struck, and set in motion the 
sound-waves of the air. 

Q. Why do flutes, dc,f produce musical 
sounds f 

A. Because the breath of the per- 
former causes the air in the flute to 
vibrate ; and this vibration sets in motion 
the sound-waves of the air. 

Q. Why do piano-fobtes produce musical 
sounds f ^ 

A. Because each key of the piano 
(being struck with the ^ger) lifts up a 
little hammer, which knocks against a 
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Siring ; and the vibration thus produced, 
sets in motion the sound-waves of the air. 

Q. Why are tome notei bass , and tome 
TBBBLB ? 

A. Because slow vibrations produtt 
bass or'deep sounds ; but quick vibratioih 
produce shrill or trehle ones. 

The derpeat baas sound fudiblo is produced bf 8S Tibntijiw in a 
•econd , the sliarpest treble sound by 1A,(HN). 

TL? note of imy liiirhor ocf.ive is ormlucod by twice an many rlbm- 
cloiiH, us the corre<4poii<liT;ir lude of the (M'tave b low. Tims if C on 
the piano be produi-ed by ‘Jl'iH vibi.iti»ns in a second, then the octave 
(or eighth note hnjh-r) would Ik* produced by 516 vibrations in the 
•oine time, and the citrhlh note lower by 12‘J vibrations. (Seo p, 418.} 

Q. Why is an instrument flat, when the 
etrings are cnstbcng ? 

a 1 Because the vibrations being too 
shw, the sounds produced are not shrill 
or sharp enough. 

Q. Why can persons^ liviny a mile or ttm 
from a town, hear the bells of the town^hurck 
. SOMETIMES, and not at otuehs ? 

A. Because fogs, rain, and snow 
obstruct the passage of sound ; hut when 
tlio Mr is cold and clear, sound is propa- 
gated more easily. 

The direction of the wind will often account for this foot 

Q. Wht can we hot hear sounds (as those 
of distant church hells) in UkVSlT or snowy weather ^ 
so well, as in fine weather f 
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A. Because falling rain or snov • 
inttrftrea vnth the uMulatums of the 
mmd-wavea, and stops their progress. 

Q. Why can we heab dii^awt elocht host 
diitinetly in clear cold weather T 

A. Because the air is of more unt*' 
form density, and there are fewer currents 
of air, of unequal temperature, to in- 
terrupt the sound-waves, 

Beiiidm, dciuw tlr oaii propagate eound-varea more readily thai 
rarer air. 

Q. Why can persons (near the poles) hear 
*he TOICEB 0/ men in conversation a mile distant 
At winter time T 

A. Because the air is very cold, clear, 
and still; in consequence of which, there 
are hut few currents of air of unequal 
temperature to interrupt the sound-waves. 

Captain Rm Leard the Toicea of bin men in eonremation a miU * 
and a half from the Hpot where they rIimmI ; and Lieutenant Footer 
held a fonversation with a man aeroM th» harbour of Port Bowcn» 
(m the North Sea,) a diatance of a mile and a quarter. 

Q. Why ttre not sounds (such as those of ^ 
distant churot ^lelUj heard so distinctly on a HOT^ 
DAT, as in fi'^hsty weather f 

A. 1st. — Because the density of the 

air is \m uniform in very hot weather: 
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j2ndly — ^Tt is more rarefied; and, oon- 
tequently, a worse conductor of sound : 
and 

drdly — It is more liable to acddentai 
turrenta, which impede the progress of 
sound. 

Q. Wf-f can toe not hear founds («ifoA at 
thou of distant clocks) so disHnetlj/ in a tiioM 
HUT or HAZE, at in a clear night t 

A. Because tlie density of the air is 
not so uniform when it is laden with 
mist; in consequence of which, its 
sound-waves are obstructed in their 
progress. 

^ Whg do tee hear sounds better bg iriQBT, 
than bg day i* 

A. 1st — Because night air is of more 
.uniform density, and less liable to acci- 
dental currents ; and 

Sndly—Night is more still, from tht 
suspeSision of business and the hum 6f 
men. 

Q. it the air qf more HHirOBX den- 

sitg bg viOBT, ^sm Uitog dagt 

A. Bec^uae the breezes (created by 
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the r action of the sun’s rays) generally 
cea$e at night-fall. 

Q. Horn should FARTiTioir walls he mode, 
to PBiTKKT the voices in adjoining rooms Jrom 
being heard? 

A. The space between the laths (or 
canvass) should be tilled with shavings 
(or saw-dust ;) and then.no sound would 
pass from one room to another. 

Q. Why would shavings, or saw-dust, pbb- 
TRBT the transmission of sound Jrom room to 
room f 

A. Because there would be several 
different media for the sound to pass 
through : 1st — the afr : 2ndly — ^the laths 
and paper : 3rdly — ^the saw-dust or /na- 
vi ngs : 4lhly — lath and paper again : 
othly — the air again : and every change 
of medium reJsts the progress of the 
sound-waves. 

Q. Jf'hy can dbap people hear through an 
BAB PBUMPET ? 

A. Because it restrains the spread of 
the voice, and limits the diameter of 
sound-waves; in consequence of which, 
tlieir strength is increased. 

Q. Why are uu'inxaisa noisettes and quiet/ 
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A. Because the ur of mountains is 
very rarefied ; and rarefied air is a* bad 
medium for conducting sound. 

Ob the «»thor head, elight loaBdi la a dirlag-beU, when the elr b 
imeh condensed by tite upward prennire of the water, are verj 
hitense* and sometimea eren painAiL 

Q. *How do you know, that the rarity qfidr 
miiiviSHBS the ifUentitg <if eoundf 

A. If a bell be rung in the receiver 
of an air pump, the sound becomes 
fainter and fainter, as the air is exhausted; 
till at last it is almost inaudible, 

Q. Whal it iht came of eobo ? 

A. Whenever a sound-wave strikes 
against any obstacle (such as a wall or 
hill^ it is reflected (or thrown back) ; and 
this reflected sound is called an echo. 

The nme laws goTem eeho ae light. (51 m p. 887.) 

Q. What placee are fnoet famous for naaa!f 

A. Caverns, grottoes, and ruined 
abbeys ; the areas of halls ; the windings 
of long passages : the aisles of cathedral 
churches : mountains, and icebergs. 

° Why are eavems, and yrottoes, immov* 

fimtaaonf 

A. Because the sound-waves which 

. . . . » » 



e&npoi pass throagh the cayern or ^Uo, 
are ^yen back again from their sides. 

Q. fF'iy are luMe, winding pauagea, rmme^ 
and eathednu aialee, fahovb fer xchoxb ? 

A. Because the sound waves cannot 
flow freely forward in them : but strike 
against the opposing walls and are 
beaten hack. 

Q. Why are mouvtaikb and iee-berye 
Wamovb for EOUOXS? 

A. Because they present an insur* 
mountable harrier to the sound>waves, 
and throw them back again. 

Q. Why do not the walls <>f an ordinary 
Boou or amall church produce perceptible XOHO 't 

A: Because sound tiuvels with such 
velocity, that the echo is blended with the 
original sound ; and the two produce but 
bne impression on the air. ' .. 

Sonod travel* 15 milea lii a minute ; and no perfect cebirli heard 
anlem the sutftice (against wliicU the iiound strikea) la 65 feet from 
the ^fame whence the wund originallj proceeded. 

Q. Why do very I/AEOX huildinyo (m ^ 
dreie), often bxtebbe&aix ike voice gf ihe 
■^peakert • • 

A. Because the walls are so /or ofl 
from ihe speaker that the echo does nut 
get back in Ime blend with the original 
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(found; and, tiierefore, each is heard 
separately. 

Q. Wijt do «oiu eehoe* repeat only oai 
9^UabU? 

A. • Because the eehoiog.body is rery 

,near. The further the echoing body is 

off, the more syllables it will re^.ct : If, 

therefore, it be very near, it will repeat 

but one syllable. 

%/ 

Q. Why doe$ am echo sometimet repeat TWO 
or more eyllables f 

A. Because the echoing body is ^of 
off i and there is time for one reflection 
to avmjy before another reaches tlie 
ear. 

V.B.~AI1 Um sflUblcff nra«t Im utterad before the eebo of Out 
first sTllable roMbes the etr— If, therefore, % person repeats seven 
pyllnblea in two taeonds of time, and hears thorn all echoed, the 
reflectinf object U 1142 feet distant; (beoanse sound travels 114S 
foet In a seoond, and the words take one seooiid to pe fo the refleetc 
lug object, and one second to refnm.) * 

Q. Why art two or moroMCaoMBtometuiM 
hearth/ 

A. Because separate reverberating 
surfaces receive the sound, and reflect it 
in succesmoia. 

8ev<ntasBBlko above Glsstoir (Seofland) near a mansion ended 
Eeisitb, lea very rwailMbis emo. 2f a trampeter plajs »iaa% 

F fo 8 
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ih« Mho wU beiria tba MOM tow nd It in •eevatelj I-- u 

toon M^tdt Mho bai cMMd« anothtr will echo the Mine tune in n 
lower tone ; end Bfter the second echo hv ceased, a third wUl ene- 
Med with equal fidelity, though In a much feebler tone. 

At the Lake of KUlamer, in ImsLAim, there ie an eeho, whieh 
plays an eaeellent **Meona** to any simple tune played on a bugle. 

Q. Whf ^ wursowa battu toAcy oabtb 
put by a haute T 

A. 1st — Because glass is 8onor<m;‘ 
and the air communicates its vibrations 
to the glass, which echoes the same 
sound: and 

2ndly — The mndow-fram being sha- 
ken, contributes to the noise. 

Window framea are sbakni, l.~By sound-warea implnglnii 
against them : 2«'-By a ribratory motion cornmnnioated to them by 
the walls of the house. 


CHAPTER XXEL 

HISOELLAITBOUS. 


Q. Whp ie the bubbus in a our ef tb* 
remge round the aisxa ^ the evt? 

A Because the cup (SOrocti them. 



ATTRAOTKMf. 

Q. Wkg io M th* varfu* 

/tfmmit iiABOs ohm/ 

A Because the large bubbles (being 
the superior masses) attraot them. 

Q. • do tho BUBBLxa ^ o ovt at tma 

FOtI.OW a TBA'BPOOir ? 

A. Because the tea-spoon dttracts 
litem. 

Q. Why are the biobb of a pond eoverod 
mth leatbb, while the uisdlb ty the pond ie 
qmte CUAB P 

A. Because the shore attracU the 
leaves to itself. 

If theie b« m wind atirrtofrt H will drlv* flontint bodloi to ooa 
tide independentljr of this attructiee force. 

Why do all /ruita, ^c, (when oeneredfraw 
the tree) tall to the eabtu ? 

A. Because the earth attracts them. 

Q. Why do pereone (who water VLAtm) very 
often pour the water into the bauokb, and not 
over the plavts ? 

A^ Because the water in the saucer 
is drawn up by tlie mould (through the 
• hole at the bottom of the flower-pot) 
and transferred through the root to the 
stem and lea'^es of the plant by CAPiT.UiKr 
ATTBACnOM. {Set p. «C.) 


fbS 
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Qi- Whjf u wgtta/Hm on <il« icaboik tf a 
BITXB moro LUXUBiAHT, tluM in an open nxLD ? 

A. Because the porous earth on the 
bank draws up water to the roots of the 
plants by capillaby attraction. 

Q. Why it a lump of svoab (Itft at the 
hotUm of 0 cup) to Losa in ubltibo 1' 

A. Because (us it melts) it makes the 
tea around it heavier : and (so long as it 
remains at the bottom) is surrounded by 
tea fully saturated with sugar; in con> 
sequence of which, the same portions of 
liquid will hold no more sugar in solution. 

Q. Why does a lump of buoab melt mart 
QUICKAT, when btibbed arout ? 

A. Because Jrcsk portions of unsatu- 
rated tea come in contact with the lump, 
and soon dissolve it. 

Q. Why done a pibci op bitoab (held in a 
rpoon at the top of our tea) melt very bapiblt 'i 

A. Because, as the tea becomes 
sweetened, it descends to the bottom of the 
tup by its own giavity ; and fresh portions 
ef unsweetened tea are. brought con> 
etantly into contact with the sugar, till 
the lump is entirely dissolved. 
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Q. Row eon a sick booh be ktjtt matfrom 
unhetiUkif ebflutu. f 

A. By sprinkling it with «i solution 

chloride of lime. 

Q- tWhy ii CHtOBiDB tf uua uted to 
/Umiyate a tick room ? 

A. Because the chlorine absorbs the 
noxiovLs gases of Oie confined air ; and by 
this means removes both the offensive 
smell and the infection of a sick room. 

Q. Why does limb destroy the offensive 
smells rf msa, bewkkb, ^o. f 

A. Because it decomposes the offen- 
sive gases upon which the smell depends, 
and destroys them, by chemical union. 

Q. Hot!) can the taist of heat he removed * * 

A. Either by washing with pyrolig- 
neous ACID, — or by covering the meat 
for a few hours with common charcoal, 
or by putting a few lumps of charcoal 
into tlie water in which it was boiled. 

Q. Why do these tIUnys oestbot the taikt 
of meat? 

A. Because they combine with the 
putrescent particles, and neutralize their 
offensive taste and siuelL 
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Q, Whj tiouU BID*B00U8, OOTTA.OB8, SOR- 
mkW,and STABLCS, be leathed oeeanoMXhn with 
tlKE-WHlTI ? 

A. Because lime is very caustic, and 
removes all organic matters adhering to 
the walls. ‘ 

Q. Whg U a SBAD man tallsb than a living 
one? 

A. Because at death the cabtilaoes 
are relaxed. So, also, after a night's 
rest, a man is toiler than when he went 
to bed. 

Q. What it BLSEf ? 

A. Sleep is the rest of the hrain, 
and the sensitive and motor parts of the 
'nervous system. 

** Motor** {tram the Latin morea to more,) uione paru wbioh aro 
aoonectcd with uniniol luotiun. 

Q. Why do tee not see, token tee are adeep 

with our EYES OPEE ? 

A. Because the “ retina of the eye" 
is inactive and at rest (See p. 406^) 

Q. Why do tee not ajtku in tlem ? 

A. Because the nen>'e ol hearing 
(seated within the tympanum of the ear) 
ia at rest 
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Q. Why do wo not tastx, when wo> an 
oileep T 

A. Because the nerves at the end oj 
the tongue (called papillse) are inactive 
and at, rest 

Q. Why do we not fext, when we are atteep / 

A. Because tlie ends of the nerves 
(called papillie) situated in tlie skin, are 
inactive and at rest. 

8ome of the phenoineiut of dreftminfr Mem to ihow that the Aine* 
tiune of the oi fruna of m'hm are performed. It la the power of 
perception rather that ia dormant. 

Q. parsonf in $leep no will of 

their otm, hut may be movtui at the will of any one f 

A. Because the entire nervous system, 
upon some of whose lunctions the exer* 
ci.se of will depends, is inactive and 
et rest. 

Q. Why ha* a DEEAMER <19 power qf ) ni>o- 

MRET er REASON ? 

A. Because the parts of the brain * 
concerned in the performance of these 
functions are inactive and at rest. 

Q. Why doe* a per*on feel when ho to 
TOUCHED? 

A. Because the ends of certain nerves 
which terminate in the skin, are excited ; 



4'4i3 saliva. 

And •this produces a nervous sensation, 
called FBELiMO. 

The temfnatlon of the nemg mendoned are eaUed ** Peplllv.'* 

Q. W hy are persona able to taste difteb evt 

TUTOCBB t 

A. Because the “ papill® ” of the 
tongue and palate are excited when fooil 
touches them ; and this produces , a 
nervous sensation, called tastb. 

Q. What it the ute of saliva T 

A. 1st — It mixes mechanically vrith 
our food, reducing it to a soft pulpy 
state; and 

Sndly — It has certain chemical pro- 
perties, which 'greatly assist digestion. 

Q. Why does the savour of delieiout food 
make the mouth of a hungry man wateb? 

A. Because the salivary glands are 
excited by tlie savour of the food. 

Thia to a wIm provlaloii of God> who fhua exdtoa the flow of 
aaliva hy the odoar of the food, before it to nccdfiil to maeueate .uidl 
awallow it. 

Q. Why it uxTSt. frothy t ^ ^ < 

A. Because it contains air, in order 
that it may introduce oxygen into tlie 
Stomach. 



APPSNDa OF MISCELLANEOUS QUESTIONS 

Jbr tk§ in§€HiaMi rsadtr io Moiwt, 


1W flirorat nfwio tiM ptLg^ vrbti* mom aofn^ qvMttoa nif btftawl 

1. Whj doiMi abuMdmtM of dev In the morning Indlente Umi the 
day will wjlwt p, 211. 

2. Whj floes in oar in Water appear bmt f p. 404. 

3. If a gleoe of brown paper be submitted io the ootbm of a 
ouminff^p/aut it will catch fire miich soonor than a pieee of whiui 
fiaper would : Why oof p. 105. 

4. Why does a blue dress appear preen by enndMiphi f p, 47» 

5. Why does the sum look red in a fog f p, 145. 

4. An inh-apot on linen is first black, why does it afterwards turn 
pe/fotc f p. 419. 

7. Why is It dangerous to row a host under a bridge? 

fl. Why does a oandtc ftioker, especialiy Jtist provlons to its being 
burnt out t p. 60. 

9. If the copper** (or boiler) attached to a kitchen ronirc be 
filled with cold water oftrr Ui9 fire baif been lighted suuie tiiue» U 
wiU eery often burtt: Why t pp, 120, 127. 

10. Why do all things appear biack in the dark f p. 419. 

1 1. W'hy are the flag-staneB of our streets frequently hoaoned 
after a/rewf/ p. 307. 

12« Why is a room warmer when the window curtains are drawn? 
pp, 163, 163. 

13. Why arc rooms much warmer for being Ibnilshwl wllb 
double doura and windoiva like Kensington Palace 1 pp. 162, 163. 

14. Why is tooae adoiUing warmer than that which fits close T 
p. 183. 

15. Why docs wetting a oomelian make it more tranaparent t 
p 421. 

16. Why does painting iron prevent it firom mating t p, 259/ » 

17. Why is a dall>?/e revived by sweeping clean the bobs, bara» 
sah-gri)^, ftc.^of the stove t pp. 52, 53. 

16. Why does etirriug a dull J!re serve to quicken it ? pp. S2» S3* 

19. Why dues aaapg water ** lather T" p. 305. 

^ fO. Why is well-made bread full of holes or eyes f p. 266* 

21. WThy do the arnda of awind^M turn round? p. 113. 

H If yon strike a finger-glass, why is fht sssmh? aUemaem^ by 
pmobiag Uie glass with your finger T p. 426. 

n. Why does a wsC gponge etoan a atate t p. IQ8* 



444 MISCELLANEOUS QUESTIONS. 

^ WhT4o«<0rf MlUfmoNtIummalJartpcrTiiMutonmir 

P.«» 

55. WhjdfMMMrfttM/Mw-noramdiljtliraimterf p,a8t. 

56. Sir mpietur 0 kt joa eaimot tee it ia ootUIa poaitlHU. 

Wkynotr ji. 896. * 

87. Jkut reij rarslf 61ei bj night : Why mT p. 227. 

26. Why does the cork ni a §oda-water bottle make a umd report, 
when drawn f p. 106. 

20. Why does the e&rk of u wdn-wattr bottle ^Ty olf, as soon as h 
has been released from tlie bond which held it in T p, 277. 

30 Why dooor JUmos and lipt ehup in frosty and windy weatherT 
p 38S. 

81. When a £f«db tubtoi/ is dog or ploughed up. it toms of a 
reddish bro$tn after a short time : Why is this T p. 260, 

38. Why are deenying trgfitabhs always u>et f p. 284. 

33. If a bouse be faced with sTmcco to resemble stone, why does 
the facing very often Jtuk§ off in winter, and leave the house un* 
sightly T p, 3i 5. 

34. Why do the luotreo of a ehandelwr seem tiuted with such 
omriout and beautiful coionrM P p. 411. 

33. Uom is IransjMWsaf. why are ntd horn sJUmays transparent 
also! ;>.416. 

36. WHien a glarier Is mending a window, and cleans the paijc 
with his brush, w’hy do the loose pieces of putty (on the opputUo 
llde of the window-pane) daner up and down T p, 293. 

87. When you rub a piece of paper with Indian rnbbor, why Is it 
gickyP y. 20. 

38. If you dry a piece of common brtntn paper by the 6re, u.d 
Iraw It once or twice between your two knee*, why will it stick fsst 
n the wall! y. 29 

39. WhycanpersonsbeAearif (inaeslmday)atayrsafsrdiftenfli 
on the sea, than on landT p, 430. 

40. The keigkt of monntnins may be ascertained by a baromttar: 
Explain the reason of this! p. 333. 

41. Ilow does sforcA assist in giving a smooth gkued mtr/aoo to 
hmenf p.421. 

42 If a drop of wafer he spilt or. a table elotk, why will it oproad 
In all directions t p.70. ^ 

43. Why does saffyreMTM meat T j». 436. 

44. Why does melted wax become hard when eefd I jk 169. 

43. Wrhy doesjMlat often blittor from boat t p, 373. 

46. wrhy are rottimg leateo hot f |»i», 36, 286. 

47. wrhy are refifriy leoesf daiiy» 7 ^.283. 

46. Why does Irrod beemne bard, after It bae been kept a fbw 
imat p.m 



lflS;0ELLAN£OUS QUESTIONS. 

49, Why Ailjr/mffioJUlcwiaeliwekeptliitbtdarkt f.ilA 

•0. Why doet oi/ become rhicOi in 

ftl. Why does ftjM(y- 0 im make • loud r«Mrliirh«atli»paMfhatlil 
Is dlaeharged trma lit j». 107. 

52. W'ky does ittam make the engine of e tooomottte leMiile f 

t lie. 

53. Why will bright iron lo§t itMmlUK by belAg pat Intn a>lr« 9 
p. 253. 

54. ^tliydoeaeoMfid seem /eifitsr In 0 OVM than on a plaint p.431 

55. Wh]l%oea pain^prrterveiiKiodf 

66. Why docs molA^y of prari show so many eoUmra* ^ 

67. Why can yoa fill a dry yiau beyond the level of the brhnt 
pp, 466, 437. 

53. If you leave a little tea in your cup. and put your spoon In, 
w hy does the im ru$k to the $po*m t p, 435. 

50. When tiguor la poured ttom a bottle, why does it ynryU 9 
p. 267. 

60. Why will Utcifrr SMt/ehet ignite by merely drawing them 
across any rough surlace 1 pp, 104. 2tt8. 

61. Why wlU they not Ignite, if they are dnmp f 

02. When our likeni^w is r 'fiectetl In a looking-glass, the entfart 
Image Isreeersed, our right clitH.k is the U/t cheek of the retteclhm; 
It we Lift our right urm, the rcllcctiun moves the kft arm, and eim 
versa : Why is this! p. 383. 

63. A ailrer tea-siiooii bc(*oines more heated hy hot tea than one 
of tnjfpi'wr lut -tal (os Oerman silver, NkkcL^ Ac.) : Why T p. 171. 

64 If you scrape a slip of paper with aknife, why wUl the paper carl f 

65. Whydoeslbeffopp/eofadccanter«rfck/osf,ifUheputUidiia pi 

66. Why does the ttoppte of a ameiling bottle often stick fn»t 9 

67. Decaying vegetables are first of a hiownlsh tint, why do they 
, allenrarda tnm of a deep black 9 

68. Why is an oak struck by lightning more frequently then any 

other tree! ,, 

69. Why does u IMvr, which Is black while alive, tom red hy 

being boiled 9 v 

70. does vjkrimp, which is nearly white while alive, tom 
* ted bfheing boiled 9 

71. W1iy ia the ehadow of the moon stronger than the shadow of 
Vhesont 

72. M*by does hartehom take out the ted spot in ekdh, prednanl 
bt eulphvrie or any o|her acid 9 

73. Why will powdered entphwr gneneh JIre more npidly than 
water T 

74. Uow does if orskssrve toff linen 7 



44j6 IflSCELLAHEOOS QUESTION'S. 

75. Why ithooUilightHiiif eoMduetari he patnUdf 
76« WhT do brwit torn frttn, ofttr they ha?o hoea ci|WMd to 
HieweCtbwt 

77 When potatofi tre hoited, why are those at the ley of the 
boiler eooked leofier than those nearer to the fire t 

78. If a silTcr ipoon, which has been tnmished hr an f(Vs ^ 
rubbed with a little tali, why will the tarnish disai^eart 

79, Why are book» rliseolourcd by age or damp! 

89. Why does eeiir Mi/h rtirdie f 

81. Why does cAvrniMg milk conyert it into buffer I > 

88. ^Iiy does the Minor fire iren>«eeoif 7 

83 Why docs the $un fadt artificial eottmrt f 

84. When a knife is ^ai penrd on a grindetone^ why k ocf ot 
mnfernsed! 

85. Why does firsod beeome mouldy, after it has been kept a few 
days! 

89. Why doee meof putrefy sooner in hot, damp weather, than in 
ooldt 

87. Birds, after they are killed, ken longetr la their /eafAers than 
when they are plucked : Why is this? 

88. Why do plantM, which are kept in a window, hmd to the gUtsn f 

89. Why docs Indian rubber evvm pencil markc from paper ? 

90. Why does waf cr ref wood f 

91. Why doci wafer make a himny noise when it is pocred on 
Href 

98. Why will Aof iron hend more easily than cold f 
98. Why does tron turn first red and then white from Aeaf I 
04. Why doee Aof water yi’cese more quickly than cold f 
95. Why does water freeze more quickly than milk f 
98. W1iy arc glue, gum, starch, and paste wlbesife T 

97. Why docs a railway train make more noise, when It mHneia* 
meet a bridge or meadow, than when it runs over solid grosma / 

98. Why does milk boil more quick ’j than water I 

99. Why will milk burn more readily than water? 

100. Why is it impossible to w* Ue on greasy paper f 

101. Why does rain ** briug dawn the cold f ’* * 

103. Why does turpentine take out preMc spots from doth* 

198. Why dost oxalic add take out ink spots ! 

194. Why does WAsanp cotton or thread make it #troive**f 

195. WhylsasfieAmade/eriAfebrAei/mpUt 
106. Why doee mwiiirr make land fcrfife/ 



INDEX. 


A dsorukrs of heat ... 192 
bad, bright metal 197 
coiiductora... 192 

iron 193 

light colon) ID.') 
Lisle thread 190 
reflectors ... 200 

stone 197 

white 194 

good, black 192 

cloth... 192 
eyes ... 199 

„ kul 190 

del k colors... 195 
dull metal ... llMi 

soot 19.3 

.AcCIPFNTAL COLOltd... 424 
table of ... 425 

.Acetate of copper 488 

.A<*otic acid 488 

Acid of drinks 280 

• of fermentation 278 

dissolves ice 373 

AcnviTT affected by cold 04 
by heat 96 

Aerated water 277 

Aeronants feel pain ... 152 
Aged people far-sighi ed 408 
cannot walk 441 


rses 

Air *.... 244 

allected bv rotaiien 
of earth ......... 807 

always in motion... 803 
ascends when hot 801 
bad conductor^ 184 243 

ff radiator 226 

cense of its weight 336 
city unhealthy 248, 272 

cold 184, 330 

colder than blood 188 
composed of 2 gases 244 
conaMDsed by cold 301 
cooled byconvection226 

cooled by rain 166 

cools hot iron ...... 253 

country healthy 248, 27 1 
density dim. by rain 354 
descends when cold 301 

dries linen 166 

dry, dense 153 

dryer before noon 156 
sammer 156 

elements of 244 

expanded by heat 107 

foil of smells 167 

sets fire np 51 

healtbfnl 271 

hosted 226,802 

j) » 2 



INDEX* 


4<3 

4iB (emififivei) 

hf Bled not by tb« tuii302 


hot in Bunabine • . 

in a room 303 

Influniniable . . • . 201 
{tee hydiogen) 

Inviaible 205 

land, eoldeBt 231 

„ at night . . • • 233 
need fal for lira «• 62 

nun-eonduotor • • • 18 

preserved nortnal 200 


parilied by lighiuing 28 
radiAtes no heat , . 225 
rarebed aBcends •. 301 
^ bad conduc- 
tor of sound 432 
by a crowd 267 
H bring* rain 300 
,, noiseless •• 153 

rasts iron 208 

■till before a tempest 153 
8 oorrents in rooms 303 
nniforiD at night.. 431 
vseofoiygen in.. 245 

varies 337 

„ in temperature 352 
viUsted by a crowd 268 
weight of, cause • . 836 
Air-pump freeses water 376 
Aislcs famous for ecliocsl33 
colder than galleriea 838 
Alcohol, elemeuta of • • 278 
fromaugar •••• 280 
boiling point of 122 


Alb,»... 112 

bottiedi 278 

flat 280 

froth of 278 


winevuaatdbjbeat 112 


tsoa 


ALiatde «... 286 

Alkali 46 

Ammonia 284 

Anemometer 331 


Anglers hate a magpie 160 
Angle of ineidenee .... 38T 
reflection «... 387 
Anhydrous sugar •••• 280 
Animal fluids eondactors 14 
AjIIHIL HUAT ....80,280 
from combustion 87 


life dependeut .... 20 ! 
Animals forebode rain 15a 
Ants love honey dew • . 228 
Appetite (tee hunger) 
ArrLBs full of air 100 

roasted 108 

soft 100 

Avbil showers 825 

winds #••••••• fll)" 

Aqua fortis • . . . 488 

Argaiid lamps •••••• <84 

Armour safe in a storm 21 
Aruotl's stoves smoke 60 
smell of sulphur 5^ 
Ascent in balloons paius 152 
Ashes soften water .... 302 


Asses bray in wet weather 1 54 
Atmosphere (tee air) . . 318 
August winds .•••317,318 
AubOBA BORBALia 148 


cause of ..•••. 140 

coloured I4H 

sounds of 140 

whits 146 

Autumn tints 420 

Avenues 808 

Avemo, lake of 270 


Alois (me mitrogem) 
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rAOB Babom ktbb (eoHiinved) *aub 
B ftletBpontBiiAouBly ignite low in S. wind. . 3!iH 

BALLOone cause pain « • 1^2 thaw, 

inflated 118 torrid soue 346 

rise 112 W.wind .. 338 

Bolls of fire 6 warm air 340 

Balusters wet 823 rise of 348 

Banistgfo boluMten) rises in fine wthr. 348 

Barley malted 2Hl rules lor 343 

Baromkter ........ 3«'I4 AJfltia of falling 343 

afieeted by cold . . 345 rising 343 

frost .... 3.‘I7 sinks in foul wilir.342 

heat .... 345 sudden change of 347 

■ndden rliatiges 347 unsettled 343 

ihuiider 341 use of 833 

tlittw.... 831 a weather glass 336 

wind .... 83d to nisur. heights 338 

differs frtmi Uier- to sailors.. •••. 837 

iriuiiieter .... 884 varies most .... 845 

inventor of .... 846 less! 345 

fslJof 848 when highest •• 346 

fluctuating .... 347 lowest 846 

high in April 846 Barren laud dewless .. 216 
August.. 340 Bass notes in music 418,426 

dry air.. 339 cnuse of 413 

finewUir. 841 vihrations to .. 429 

June.... 846 resemble ecerlet 4J9 

May.... 346 Babi preserve! flowers 213 

M.E. wind 337 Bath ivo, dinger of .. 405 
8epteniber346 prom, health 00 

enow .. 842 with ether for 

aw in January 346 inflammation IffS 

December 346 Beakers broken by heat 128 
February 346 Bbabs cold in winter 87 
July .... 846 live without food 98 

moiet air 840 arcOe, moat hair 183 

November 846 Beasts covered with hair 182 

Oclober 346 Beating iron roakea it hot 80 
twin.... 840 ’ Beda dau.p 104 


Mag 
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HkiE, ^tded frothy , . 278 
frrmentation of 279 

flat 280 

frothed by heat 112 



toor. 280 

•onred by tightnintt^? 

„ not old beer 27 
fpoiled, if the vent- 
peg be left out 286 
yeast fermente.* 282 
Beer- vats dangerous .. 274 
Bills heard at a diatsnee4i^0 
not in a fog 429 
eraohed sound harsh 127 
ringing dangerous 17 
eilenocd by a touch 427 

metal of 427 

Bellows 62 

(See Clark* a Blower,) 
Bible explained ISU 218, 360 
Bi-oarboiiste of lime •• 201 
Bins purified by lime . 291 

BibDs feathered 184 

hot blooded 97 

email, most down 183 

Black 419 

cloth warm ...... 191 

colour warm .... 195 ' 

cause of 419 

eyes 199 

glass for spectanlf s 425 { 
hat red at sea-side 361 i 
hole of Calcutta .• p68 
inionorons 419 

kid glovea 196 . 

lkad 206] 

m preventa met 2fl0 1 


FAes 

Black mlsi 160 

•kin 19^ 

„ will not blister 19S 

tea-pot... 205 

I, need by cotters 204 
set on a hob . 205 

warm . v* > 1^6 

Blacks 61 

none to steamers 0^ 
Blacksrotthfl strike fire 

by nails lOU 

Bladders inflated. • 107| 301 

Blabi, blue 47 

between the bare 4'« 
burns up coals •• 4U 

yellow 47 

Blood 247, 26(> 

purple 248 

red 247, 2i9 

starts from woiiuds 86 

Blowers 70 

Blowing cools food 1H0, 32 J 

tinder 101 

Blub 442 

cause of . . 418, 424 
resembles treble 416 

aky 146 

•pectaclee • • • • 423 
sublimate • • • 488 

Broad cloth warmest • • \83 
Boot dead, amelia . . . .^297 

foci of 89 

warm .. 87, 89, 289 
Boiler (see aaueepan,) 

Boilivg 238 

WATBB bubblet 117 , 
fttnr of . • • • 264 
heat filed.. 241 
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Boriivo (contmvHl} 

WATSB mike* It fiftt 288 
is in t fsrment289 


kept hot 209 
mules 110 

runs over. IlH 

swells 117 

ooe |wt in Another 120 1 
reumd bj salt a. 121 
spoon 120 
sugar 121 
without tonchiog 
*be bojler 121 

p.#iiit 122, 

Bones white ^120 j 

Boots hot when dusty 201 
Borers hot from use *• 10.) 

Bottled ale. 5bc 271 

Brackish water unlit for 
railway engines • . . • 20<5 
Bracing weather . • . . • 158 
Bradawls hot from use lOt 
BreaA brnt purities water 7:1 

heavy 2 h9 

mode with yeast 2HH 

Breakers 320 

Bbbatu eihaled 240 

inhaled 247 

visible in winter 224 
Breathing described , . 250 


difficult 00 luoiints. 250 
pinions to a storm 250 
Brxkzb at sea-side. . . . 327 

evening 320 

M unhealthy 327 

land cool 82H 

• * morning . . . . 320 

•, healthy 827 

of islands 820 


4111 

raee 

Bsim SM ooqI 527 


spesd 881 

(see wUU) 

Brewing 282 

Bricks for cold feet. • • • 179 

Brick stoves 181 


Bricklayers, frost retards 375 
cover with strsw 375 
Bright day eshilaraiing 151 
inetsl bad radiator 209 

Brilliancy V* * * * * 

Bbjvb retards boning. • 121 

tpsied • 377 

Bbitaib doiidy 132 

grows warmer 168 
Broth cooled by breath 254 
^ eonveetion 254 
H etirring . . 254 

Bvbblbs in tea 436 

of boiling water ] 17 

Burns cured 163 

Burnt bread purifies water 7 8 
stick twisted .... 422 
Burning glasses 2. 8 

Calcining 292 

Calcntta, black hols of 268 

i Calcareous 251 

I Calico oiled transparent 416 

Culms 814 

Caloric 1 

Canibnc bndkrchfs. sool 181 
Cambridge, rain of. • • . 858 

Can i>lx8 . 75 

burn.' 75 

composite not snuffad 88 

corpse 298 

eotion hard to Mow out NO 
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iimiEX 


Canolbs (etmiinued) 

buni blue 15 

Muly blown out 62, 79 
„ rekindled •• 53 

eztiuguiBlied •... bl 
M by brenth 70 
paper B1 
VLAMB described.. 77 
„ hot 76 
4 hollow .... 77 

^ Itiminoiis .. 78 

„ nukes kIs. wet 70 
„ Y>oiiited .... 79 

„ produces liKht 77 
,, purple below 79 
ft tends upwards 79 
„ yellow .... 47 

„ OAs of • « 87, 204 
beid ar a door .... 304 
hottest above the flm. 80 

give light 77 

make giants damp. • 79 
need auuffing .... 83 
Palmer's not sniifled 8'i 
prevent seeing a rd. 396 
reflected in a windowSOO 
rekindled quickly.. 53 
rush, easily go out HO 
shadow east by.. .. 397 


smoke of • 83 

■pin 161 


sudden light painful 382 
used by miners . . 267 
wax, not snuffed • • 83 
Cahm OB balls hot •••• 106 


boring 104 

Canvass flower awning 213 

CArilLABT 76 

aitractioii 76 


CaeiLLABT (continue^) 


BtiTBotion of earth • • 437 

„ sponge 76 

„ thread 191 

„ wicks 191 

combustion 86 

vessels 85 

„ pervade body. • k 6 
Captain llosi . • 5. • • • . 430 
Capiii'bin 357 


Cahboii 35, 36, 75 

ill the blood .... 26 * 
Carbonate of amiuotiia 480 
lime •• 480 
Cabbobic ACin OAS . . 266 
absorbed by leaves 23 1 

chokes • • 293 

cause of beat • • • . 290 
deleterious 266 

detected 2u7 

dissipated by red ht. 276 
„ water 275 

in human bodies.* 87 

I of the soil 251 

I water 291 

sources of 27*> 

Cabbeto. iitdbo. OAS 293 
how procured 203« • 
Carpenters' tools hot .. 104 

Carpets warm 176 

Carciaob, in a storm 20 
wheels eatcha^re 103 
windows misty.. 220 * 

Casks charred 73 

Cart grease lOlf 

Cathedral aisles famous 

for echoes 4S3 

Cats in wet weather •• 136 
prawl by night • • 164 
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4{^8 

Cm ^coiifliiir«0 'Aot Cbimrit (eimtimiMi) mm 
k^eintbe dtrk.... 884 draught »Ui|^6i»7l 

wink before a fire 3b4 door inieplMed 6b 

Cattlb low in wet wee- remedy • . 68 

ther..... 164 flue too long 61»! 13 

struck by lightning 19 n*l>orK**** ^ 

Caustic lime 439 „ remedy •• 65 

Imnsr ........ 4^8 need repairing 68 

Cavernsfamedforecboes 4't3 i, sweeping 68 

Ceilings sooty 71 of old honoislds. 09 

CcLtAKs cold in summer 2'/8 two fires t • • . 

warm in winter 2 *i 7 remedy. 66 

Chalk 4H8 f alleys' 67 

Champagne acid 278 Teatriee. • . • • • 66 

Chakcoal 79 1 leiiiedy.... 67 

had conductor 179 | wind •••• 70|114 

fiaa eery hot 79 China broken by water 128 

„ deleierioua 274 ' Chloride of lime 499 

purifies water 73 • Chlorophyll 420 

removes taint 79 j Choke dump ••••.... 273 

GRAmniKO bread. .... . 73 .Ca dr cii bells beard 153,429 

casks «... 78 ! eongtegation drowsy 370 

wood .... 74 ^ yards smell 297 

Chbmical actioh .. .. 32 Chyle 247 

dcvelopes heat. . * 2 Chyme * , 947 

Cmbsk vis roaaCfd crack 1 07 , Cider acid . . • • 278 

not if sht 108 ; Cinders, iron 44 

Children hot-blooded . . 07 lighter than eoala 44 

CuiiiMLrdraught,cau8e soon heated.. .• 44 

of 64 will not blaze . . 49 

factory, long.... 04 CiBBO-crauLis clouds 140' 
^flues ol Jong.. 03,64! forebode drought 140 

„ short 04- bow produced . . 140 

raised above a j Cibbo stbatub clouds 141 

house.. .... 63,64j forebode ohsnge 140 

nrrs 70' how produced.. 140 

anoKT 69 Craaus eloudt 13* 

in close rooms .. 62' ft»retell fine weather 138 

nme^.... if* huwarudueed 139 
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Tkom 


CitisfQsptle 24R 

Citric aeid 

Cicj air unhealthy .... 272 
Clark's patent blower. . 52 

Clay for fnmaca doors 1^1 

C;iean kettles 103 

C1.F.ANLINE8S connected 
with the dietary • • . . 00 

poverty.. ...• •• 00 

Clear day overcast .. 321 
fire burns slowly.. 40 
nifrhts exhilaraiindf 151 

CUMATK varies 304 

from forests*. •• 107 

„ land 305 

„ nioimtains 305 

„ sea 300 

soil 305 

„ trees ..«.•« 107 


Clocks heard distant . . 430 
not ill a mist 431 
Close rooms unhealthy 208 
Cloth collects no dew.. 215 
Clutiiks black, warm 194 
coarse not ditto •• 100 
dump in suinmer 217 
fine cloth warm .. 100 
loose, warmest.. .. 1H8 

silk 101 

warm Ih2 

want of, causes dirt 07 
wet dangerous • . 164 

white, cold 104 

^ from sea spray 170 
H noton wet days 170 

workmen's 170 

Cloudiest countries .... 133 
Cmoos 130 


C LOU ns (eontinuid) * Aoa 

absorbed by wind 134 
affect the wind .... 310 

eause of 131 

cirro cumulus .... UO 
eirro stratus.* ..« 141 

cirrus .. 137 

classes of . 1 37 
colour of .. .. 134, 13-5 

com pound 140 

eiimiiln stratus .. 141 
cumulus ........ 13S 


differ from fog, 130, 234 
dissipaled. . . . 134, ' 13 
distt nee fntm earth 132 
edgcsmostlumiuous4l7 


electrical 133 

electricity moves.. 137 
fall in rainy weather 354 

fantastic 133 

float 130 

gather round hills 142 

height of 5,132 

highest 132 

highest in a fine day 1 32 
increased by wiud 134 
intermediate .... 139 

light 123 

lowest 133 

raonring red ••••135 

motion of. j, 130 

nimbus .*1. 141 

foretell weather 1 38, 14 1 
rain indicated by . 141 < 
polar currents affect 3 1 3 

red 135 

round mountain tops) 42 

dimple 137 

siieof- ••..••• 132 
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Clouds {continued) i 

HCrttofl 138 , Cold water eoDtalns heat 83 

sun-set 143 Colder some things tUhn 

thickness of . . « • • • 133 othen • 171 

„ how aaeert<*ined 133 Colds from wet ololhes 104 

thnuder 4 Collapsing lOO. 3U*i 

vary in shape 133,313 Coloubs 410 

„ in colour 1:16,313 accidental •. 424 

whefe most abodut. 132 akin to sound 418 

least », 132 black 4l0 

use of..., 142 bine 418 

▼elodty of 331 *dark, warm.. Hid 

white 419 green 4 JO 

wind alTects .. 131, 134 hght, cold .. 193 

yellow ...... 143, 144 of clouds 131, 133 

„ indicate wet 144 electricity. « 30 

Cloudy night warm ... . 211 red 418 

no dew .. 211 vary 417 

opp.essive 150 white 410 

Coal black 419 yellow 419 

. blazing. 40 Combining not mising Sa‘ 

for fuel 44 Combustion (secure) 35 

• oas 73,294 animal 87 

grotesque Ugiires of 42 cause of 38 

mines explode. . .. 294 chemistry of . .3*), 30 

smoke 4l from fermenlatioii 5H 

wetted when dusty 83 elements of ... • 38 

Coke 67 bent of 35 

for fuel 44 increased by wind 52 

spoiitimeously ignites 58 ^ the veins.. .. 86 

Cold affects barometer 336 | produces light. . 49* 

wondenses air . • • • 801 | spoutanoous .. 57 

colours 195 CoMMUNICATIONOf heatITI 


makes us love fat 92 CoiuprMite caudles not 
„ activity Oft! snuffed •.•••..••. 83 

mountains ...... 202 Compound elouda , • • • 140 

* out of doors. . , • • • 330 ; Compression 105 

promotes hunger.. 93) not condensation 105 

N aonnd. • • ••• 430 . Cobobbbatios .••••• 105 
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CondensMi air*« •••••• 801 

CoilJNiOTIOV 171 

not absorption 192 
DUCTOBs, beat • . • . 172 
worst •••••• 172 

animal fluids 14 
not absorbers 192 
of lighminf^. . 22 

I, dangerous 24 


doBTBCTioii 226. 2:iH 

Convective currents 252, 202 
eool broth 254 
„ iron 253 
Cooking vessels with 
wooden handles .... 173 
Cooper Applies hot hoops 125 


Corea R for condeirs. 23, 172 

aotiorotis 426 

tuniishes .••• .. 2hl 
-HOLE draws •• 61 

roars • • • • 62 

M not with open 
door ........ 62 

Cork driven out hj heat 1 1 2 

Cornea..... 4(l6 

Corns ache before raic 257 

COUPSB candles 298 

cold 98 

smell 297 

Corrosive sublimates . . 48b 
CoTTOM bales catch fire 

spontaneously 68 

candles 80 

liaudkerchiefs hot 191 
oiled transparent. • 421 

shirts warm 190 

wool bad conductor 191 
iCoiint Bumfurd ..«••• 191 


fees 

CouvTBiBa most ehrady 132 
least cloudy 132 
Country air healthy 248, 270 
CouvTBYiiBN ei\joy hlch.271 


ruddy 241 . 

Cowla 67 


Cnowns bad in storms 18 
cause drowsfliesa 270 
„ bead-acbe 267 
vitiate air •••. 257 
mihealtliy .... 268 
Cmribles of platinum 268 
Culinary vessela •••> 208 
have wooden handles 173 
shutrid be sooty • • • . 208 
Culuvaiion promotes dew 216 


„ warmth 1 07 
COMULO-stratus clouds 141 
forebode change 141 

Cumulus clouds 138 

forebode fine weather 1 38 

„ rain 138 

how produced 1^9 

Cur in a pie 123 

use of 124 

why full of juice 1 24 
Currents of air 302 

Damp balnstera 228 

beds 164 

clothes 218 

bouse 223 

Dancing of olgecta after 

rain 1.56 

Dandelion bodes rain 1.57 
Danger in a storm •• . 12 
from barring sbuttera 18 
bells r 
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Dan oca (confiniifd) 

rauB 

oarriagei • 

.. 20 

crowds . • . 

.. 20 

fire-plsec . 

.. 19 

firom flocks •••«« 

.. 19 

herds ••• 

.. 19 

rings . . • 

.. 22 

rivers ... 

• • 1^ 

•steeples . 

.. 14 

theatres . 

.. 1ft 

trees 

.. 13 

wslls . • • 

.. 17 

watches • 

.. 22 

Dabk colours warm 

.. lOft 


radute heat 2U4 
Darkness from 2 lighu 421 

DaT/SirU 2Ud 

Dayli OUT breeds hunger ill 
mitigates cold 01 

Dazzling 417 

Duao bodies cold • . • • 08 

smell . . • • 207 
taller, dec. 440 

Oeatuesa 402 

Deal snaps in a fire • . 110 
ilucAUTiNO liquor .... 287 
spirits 267 
December winds •••.«• fil7 

Decomposition 284 

Deep water freezes slowly 072 
Depression of spiriu . . 100 
Descrat in a diving bell 1 52 
Desera hot and dazzling 417 
Detonating powder .... 106 

Dsw 210 

cause of •••••••• 203 

deleterious 227 

JUffen from mist.. 226 
rain .. 233 


, Daw (conUntud) csea 
diaiilled afte^— 

fine nightt • 211 

beat 223 

weat winds. 223 
on clothea .... 216 
cultivated laud 217 

grass 210 

hairs 224 

hat 224 

hollows .... 214 

leaves ...... 215 

open fields .. 212 

valleys 214 

not in cloudy nights 211 
„ east wiuda 224 
M winds.... 214 
on barren lands 2 17 
M eloib .... 213 

^ deaerta •• 216 

„ gravel. ... 216 
„ metal •••• 316 

„ rooks .... 21.5 

^ Btooes.... 213 
„ wool .... 216 

under swningw.. 213 

„ beiiges .. 212 

„ trees .... 212 

„ walls .... 212 

Dew-dbot round .... 220 

fiatteiied 220 

roll on cabbages 230 

roses 230 

Digestion 04 

j Diioiiiisbing glasses . • 399 
I Dinner covers bright • • 2U0 

I Dirt warm 96 

. DiSTABT bells heard • • 428 
I oiocsB 430 
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INDEX. 


Dihtamt (cmUntisd^ »ao« 
oUeGts&inall dV9| 400 
,, invisible 401 

light 407, 409 

,, spectacles for 4 OS 

Dibtanck lessens 399 

Tuakos invisible... 403 

Distilled vinegar 488 

DiviTs sufTer pain 152 

Diving bcdls caiise pain 152 
Durniico cold in winter 97 
live without food 98 
Dookh, draiiglit of ... 332 
shrink from dry 157 
swell from wet ... 157 
Dogs in wet weather 150 

Douoir fermented 288 

set by . fire to rise 288 
Double concave gbissi's 407 
convex gliisaes ... 4U8 

Down warm 183 

bod conductor ... 191 
Drained hinds warm 107 
Diuuoiit at a door ... 332 
blviM B a Home 
outwards ... 803 

inwards 304 

of a chimney 60, 64 

key-hole 331 

window 332 

slack 60, 64 

Dreams 441 

Drinking water 291 

Dropsof dew rollonleavcs230 

round 229 

shape varies 229 
ofrain roll on dust 230 

round 253 

size tMftMMi 354 


9AOm 

Drowned men restored 108 
Drowsiness at church 270 

Drums 428 

DiiY wood for kiinlling 46 
,, burus best 111 

„ snaps about 111 

Driest months 846 

j Dnhliri, min of 358 

Duck dry in water ... 230 
noisy before miri 151 
Dull surfucesrudiate beat201 

Dnllueas 381, 417 

DunghillH hot 290 

DusTV shoes hot 201 

coals wotted ... 55 

Kar trumpets 432 

Kaktii, bad conductor 188 
cool after sun-set 210 
f, in a fine night 210 
,, in summer ... ISS 
covered with dew 2l0 
cracks by frost ... 374 
crumbles in spring 374 
hardened by sun 169 
warm in winter... 188 
warmer by day ... 210 

fog 228 

Fartlicu tea-pots 205 

Red on A hob to draw 205 
East WIND cold ....1!^ 319 

dry 320 

prevents dew 224 
Eat more in cold weather 93 

less in warm 93 

too much makes fit 90 
„ „ us ill 90 

ICBOls 433 
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^60 

rAOK Enolakd (eoufinued) 
EcBOBt two or more ... 435 ^ mominR at j^a- 

remarkable ... 43.'! taring plaeei 876 

KmcTB or hbat ... 2, 107 vino most prevalent 817 

KrrsavBBCKiicB *ii77 „ north cold ... • 320 

floun Bubfiides '2K8 „ ,, drj .... 820 

FfTiervegcingdrauglas.. 277 „ north-east drj . 822 

Eoo.ci^poiieiitparUiof 2M3 ,, aoiith rainy •• 821 

discolours silver... 2H4 ,« warm .. 820 

remedy 284 j aouth-westrainy 322 

amellfl oH'cusively . 2M8 ‘ „ west rxiny .... 321 

brine 877. n when highest.. 317 

ERvpt not cloudy 182 j ,» *, lowest .. 318 

Killer down warm ••.••• 191 1 „ rain of ...... 358 

kLacTRiciTT— (Ste A/arck windM,) 

ttflfects eloudfl 133 Fpsuin ruUb 488 

esii.se of tliiiuder... 3 KsqiiiiiiNiiv love blubber 94 

eohiur of 30 Equatorial current ... . 813 

4evelnpes beat 3| rains 859 

ein'ted by frietion . 29 1 Ethp.r. * 4H 

felt at the elbows . 30 < boiling point of .... 123 

hot 28 used for freezing.. 875 

moves olonds 135 inflaiumaiion 153 

odour of 30 M scalds, bums 163 

of clouds 4,136 rsporized 108 

positive and negative 16 > KnropcKu skin white .. 108 

resinous 5c vitreous 4, 10 < Evai'oiiatiob 163 

Bpeed of HI freezes.. 876 

Electric telegraph 31 of sea .. 309 

Klbmbbtb of air .... 35 1 Etbrikb breeze 326 

alcohol , 279. clouds •• }35, 1 48 

• fuel .... 35' n 6^«y •• *40 

•ugar .. 279! m re<i 186, '48 


Fnierie tartar 488 ■> yellow . 148 

EbOLAWD — I BAIRIIOW.... 147 

grows wanner 167 Evergreens frost*hitlen 280 

#iMDSof...v 317 Ewers broken by frost . 360 


east cold .... 316 Eiparsioii by hbat 107 124 
w n dry «... 820 Ebplosioh of cbeMnuts 107 

• m a 3 
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EiPL 0 |i 0 M 0 f gnnpowdtr 108 
miitef .. 294 
Extingiiithen • 81 
made of paper 8 1 
Stbi affected by glaaaea 423 
„ fire light 423 

,, audden . 3H2 

„ aun .... 423 

•ontracted by light 305 


black 109 

eonform to light . . 3^3 

cornea of 400 

negro's dark .... 190 

refitiaof 400 

two, use of 3H5 

see single 880 


Rxbhcibi-^ 

good for health • • • • 90 
produces appetite . • 90 
,t warmth . • 90 

want of produces fat . 90 
,t sickness 90 

Face soon scorched .. 203 
Factory chimneys .... 04 

Fanning 186 

Fan sight 408 

csuse of .... 408 
n spectacles for 408 
Firm bouses smoke . . 09 

Fat from gross eating . 00 
lasinesa .... 90 
men swim best . . 372 
pleasant in winter . 02 
not in sommer. . 03 


white 419 

Esnsberewann 188 

Fteling 441 
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Feet sold befbre n fire 

54 

wet dangerone • . 

164 

Fermismtation 

279 

neombastion .. 

58 

not putrefaction . 

2H3 

of beer 

279 

„ dongh . • 41 • . 

288 

»» sugar 

279 

„ wins 

279 

requires water .... 

285 

Fender & fire-irons cold 

103 

Fiddle strings musical . 

428 

snap from wet 350 

Files hot from use .... 

104 

Fike weather braces .. 

1.53 

indications of 143 

Fingers eold when wet . 

163 

Fire 

35 

sir needful for.... 

62 

bellows, use of. . . . 

52 

black and red .... 

40 

blazes 

*40 

„ not in frost 

49 

blowers 

70 

bums blue 

47 

bursts thro' the bars 

46 

cause of .* 

88 

chsrcoal 

78 


clear 40 

1, 60 

damp 

208 

differs from animsl 


heat 

88 

dull, caose of .... 

64 


effect on eyes 384, 428 
extingniahed •• .. * 35 
H by water 65, 111 
fierMst in winter*. 50 
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Kt*it (eoniinued) 

fiercest out of doors M i Flami of ■ eandls •• • 


f ttiue of ' iO 

gas generated bj... 67 
grt>tehque figures in 42 

beat of 

„ bow iur.rea!»ed 50, C4 ^ 

hot m) 

intensity, cuiise of. 64 
kiiKlIed uttlie b<Utoni 44 
ligliied with paper 42 
„ „ wood 42 

light dazzles • . . . fiH3 • 


light variable 


deecribed 
blown out easily 

dump j; 

hollow II 



bolIcNt above • . 
luutiiioiis •••••• 

poinud. 

purple 

siiuikes 64 

yellow 47 


40 ! Flannel warm 161 


luiiiinoiis ...... .. 4? I 


on foot'Wnrmers 1«0 


melts raeul 1291 FLAtH ($ee /it/hOtiug.) 


mottled 41 [ Flat beer, &c 286 

out of doors .... 41 1 irons 162 

poker draws up . . 63 1 sounds 420 

radiates best .... 203 FlsTonr disoerned .... 441 

red hot 89 , FJaibumaepoiitatieoiialy 56 

reflected on gln^s . . 306 } Flint and steel strike fire iOO 

two or three limes 306i Flm ks in storms 19 

spotted 41 ^Flowiso watmr pure .364 


eun dulls it 50 1 

thaw dulls it 62 1 

wind iut< uses it •• 52 


freezes slowly ... 370 
makes rough ice 371 
obolllates 365 


yellow 47 Flowibs, awnings for . 213 

(J6ee jAimwet/s, com^MNfioR.) purify air...... 272 

IFihb> irons cold .. 170,103 smell ai night 168 

hot 10.3 » before rafii 168 

rdit 250 forebode rain . 157 

„ most in winter. . 2.’>9 FLUia.... 6® 

„ prevented...... 2.50 [ blacked •.••••.. 204 

Fish Ks ascend 370 long good for drangbt 64 

,, coldblooded.. 98* abort, bad „ 64 

^ dive 8H0 {Sfe chimney,) 

„ teem nearer .. 405 Flntea 426 

Fised lir 266 Fly poison 439 

a a 3 
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Poini, white 419 Ftoet affeeto baronetfr 

Pooe 2H2 ,, e6oiid..,. 42U 

■matioDDd •... 429 fareeee 158 

eanie of . 131 breaks ewera 308 

differ from olood 130, 234 ,, tiles, stoiies, rocks 387 

mikt.. 233 „ pipes 308 

dispersed by wind 235 sracks earth 37^ 

by sail.. 233 „ mortar .... 374 

fWtxen 237 expands water 809 

in autumn ...... 234 on windows 221 

increase distanes.. 135 prevents fog 234 

ill iiiarabea 232 stops work 875 

in valleys ....... 235 warmer than thaw . . 873 

magnify 155 Fioth of beer.. .. 112,278 

none in a frosty nipbt 234 fer.ineDtation . . 286 

boon converted to blood 247 white 419 

cooled by the breoiU 3-^9 Frosen water warm •• 371 
want of eausci dirt 96 ruts and foot-prints 367 

hunger 92 FbviTs cool the blood 95 

ill venliletioa 97 fall to the earth . . 436 

laziness •••• 92 pleasant in summer 95 

Foot-prints frozen .... 867 Fuel, dry bums well .. 45 

Foot warmers 179* elements of • • 35 

covered with flannel 180 for the body .... 89 

highly polished .... 180 wet bums badly .. 45 

Forked lightning...... 5 Fulgurites 30 

Forks, taruiah of 262 Fnmigntion fbr rooma 438 

remedy #o0 Fuiincl (see/ifea) 63 

FoRBsra catch fire.... 104 Fob, bad conductor •• 172 
cold ........ 167 for clothing.. .... 182 

Foster Idente oani .... 430 warm 162 

France grows wanner. , 108 Fubm aces, brick for . 181 

Frkbzikg MixTUBza.. 377 fires fierce 61 

Friction (see ru56ittg) 102 „ roar 62 

excites electricity.. 29 not with door open 62 

sets forests on fire 104 hoed with clay. ... 181 

Float cold blooded .. 98 FnmRofkeUles 264 

Cloak before rain 154 ateam engines. • . . 265 
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rA«Bj 

Fnrrofkttilet diageroiu SOS 


removed SOS 

Qillerjliot 030 

fiftMCHTs wann •••• lOS 

eold 190 

Aai Aiute ...••••••• Od 

ethnic add .... 206 

earburetted byd. • . 293 

eoal 294 

differa from liqnid 240 

elastio 24S 

expands from heat 113 

hydrof^eti 3(> 

inflammable .... 75 
Invititble .«••...• 205 

Jet of 01 

nitroffvn 38 

of eandlee ...... 294 

fire 09 

oxygen 37 

phosphurettpd hyd. 297 
’ aulplinretted liyd. 2H4 

permanent 114 

liDza wire lamps . . . 290 
prevents explosion 390 
3eeae noisy before rain 150 


Skemam silver tarnishes 


tinder 100 

Oermany grows warmer 108 

OermitiAtion 324 

Gboed 3<)0 

Gideon's mirsele.. .••• 218 
GimMs hot from ase.. 104 

Oiv^EBpnp 277 

acid 278 


OtalaBt broken by heat 127 
„ * on a hob 128 

eove^ with mist . . 


GlASBBS (oOfilifIMMi) 
eovered with Alai 
fromaoellar •••• 229 
diminishing .... 399 
dulled by a hot hand 221 
breath, Oto, 229 

magnifying 399 

miNt of sabaides .... 222 
{See gpeetacUt.) 

refleel 390 

ground optqno • • . . 421 

nmsieal 428 

Glauber salta ........ 488 

OLoVBi. black kid warm 190 
,« LNle thread eool 190 
Glow worma gliaten • • 885 

Olutrv 2N3 

ferments 288 

God's wisdom shown in^ 
air a bad radiator. ... 184 
n the circiilatiou of 317 

animal life SOI 

beasts, fiir of 180 

birds, down of • • . • 180 

dew 217 

earth cracked by Irost 074 
„ hardened by sun 169 
ice lighter than water 869 
inetala bad radiators ^17 
November rains.. •• 020 
the froth of saliva.. 442 

vegetable life 307 

„ radiation .. 210 
wood a bad radiator 217 
Gold best of couduciors 1 72 
never tnmishee . . 202 
Goodness (Ste GoiTs) 

Grab H awoody 268 

Guapb wugar 378 
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INDEX. 


Orapb {eontimudf) 

Juie^ needs no jeast 2H4 
,, fermeots 278 

„ mka. alcohol . . 279 
„ „ rarbe. acid 279 

Grapes never ferment,. 2H5 

Oniphiie 20o 

Guass prumotes ooM.. 18b 
„ dew •• 218 
Crate (see stovtk) 

Gravel coUccin iio dew 210 
hour frost 197 

Gravity 488 

Gray morning good sign 148 
evening, sign of wet 140 
OniAaB liked in cold., 92 
loathed in heat 9d 
prevents rust .. 189 
used for wheels 102 

Ghebm colour 420 

aceidenial 423 
wood does not hum 111 
snap 110 

Gross eoting unhealthy 00 

Oiottoes echo 433 

tirotco del Caue .... 270 
GHouBDOovrd. with dew 210 

frost 234 

Growth by moonlight.. 228 
Giihiea fowls squall •• 155 
Gulls fly to laud .... 180 

„ to sea 181 

Gunpowder eiplodes .. 108 
Gusty weather makes a 

smoky house 70 

Hail 852 

ranee of 358 

falls in summer • • , • 852 


PAae 

Hail, thunder aeeompbs. 852 
JJaiii bad conductor •• 172 
covered with dew 224 

warm 182, 183 

Halls famous for echoes 433 
Halo round the moon. • 150 
Ham DIES, woollen .... 173 
metal 178 

Handkerrhiefs 191 

Hakd woik gives hunger 90 

boiled (*ggs 285 

water bud forwashg. 380 

cain>e of 980 

pleasant to drink . . 291 

Hartshorn 2''4 

Hat covered with dew 224 
turned red by the sea 38 Ir 
Hawks see near and fur 410 

Hay heats 50 

heating prevented 59 
Starks ignite .... 59 

Hazb round the sun •• 449 

„ moon 150 

aflerts sound .... 430 
Head arlies in a crowd 268 
UkARTU-rug warm .... 176 
stone cold «. 175 
If hot . • • • 177 

Hbat 1 

abstirbed 32 

uud light r. 48 

afleets barometer. « 339 
^ sound •... 429 

„ wind 807 

animal . . 85, 240, 289 
applied low. • • . . •« 239 
arrests sound • . • . 4-'0 
eauue of 290 
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Ubat (eonHwHi) 

•«»iiiiuuiiieRU€ii of 171 
coodoecios of ... • 171 

cffeotiof* 8,106 

OTolved • 32 

„ byeompreision 105 

•xpAndi lir 107 

expands water.. •• 376 
trum beaten iron • • 93 

„ exerolse .... 98 

Increased bj heapa u8 
lATKKT 83. 30 


Hoaa tKooT (eontinwd) Mm 
of frosen tog . • a. 237 
on eleor nights onlj 833 

M glMS 230 

H tombstonof,. •• 107 

eery partial 230 

HohxT'DEw 227 

ants fond of , . • • 220 

effect of 228 

injures plants . . 227 
Hoops put on red bot. . 123 
Horizontal suii & moon 393 


of candles •«•••• 76 1 

dunghills 290* 

tire 

lee ••«•*.•••• 33 

human body 67, 280 

lime 291 

radiated 7U2 

rarefies air 300 

leOectiou of 190 

sensation of .... 1 

'sources of . . . . 2 to 106 
work promotes • . OU 
heating by Amott'a stove 204 
steam 204 

Ifeavy bread 2^9 

Hemp, fires spouUneoasly33 
Ht*rds in artorm.. .. .. 19 

Hedges increase warmth 107 
retain frost .... 237 

Hill Affec't winds . . . • 306 
larger in a fog •• 135 
seem more dietont 153 
llindoiton, jungles of 270 


lloAnrnosT ........ 235 

neajr edges *.... 237 


not found on trees . . 237 
„ onder ihmbs, fte 237 


why oval .... 393 
lIoRsxs striks tire . . 101 
snuff up air.. •• 158 
uneasy in rain.. 154 
Hot night oppresaive • . 150 

water 203 

„ melts sugar 368 
weather enervating 00 
„ abates appetite 03 
H good for fruit 93 
„ not for grease 03 
Hottest piece at church 833 
Houses— 

spool uiiffonsly Ignite 57 


distant in fog 153 

gather damp 223 

smoke in valleys .... 67, 
Hull of ships seen last 402 
Husoka 90 to 04 


allayed by food . . 30 

promoted by cold 93 
„ daylight .. 91 

„ npid digestion 94 
M mnning.... 01 
M singing 01 

M speaking .. 01 

„ work 01 


4 f^#r OWA^.) 
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m 

mm Jmom (toMtifiyed) mm 

Htub^oiv f^M *)6 rusts .. 

of fn«I .... 246 „ nc: in dry weather 2^9 

», preventM 200 

[of n06 „ seales 208 

iwntains heat •, when common.* 209 

4issolved by acids «. 373 aonoious 420 

„ friction .. stoves 1*^1 

„ salt Ironing box 161 


„ B\in...... 120 

growa ihicker ...... 870 

lighter than water .. 866 
made in hot vessels.. 877 

net work 867 

itee*berg4 echo • 488 

Ion 18 raTUtis 26S 

cause of 2t>H 
Ulneaa from over eating 90 
Impure water iiuriHed... 73 
Inciindeacent carbon ... 78 

Indiana strike Ore 102 

Inflammable air 75, 201 

iMsacTs in wet weather 18!) 

luminous 2'i9 

Insensible perspiration . 220 
Inierinediate clouds ... 108 
I iioN affected by lightning SI 

Had absorber 108 1 

beds safe in lightning 21 i 

eindera 44 1 

cold 178! 

eontaios latent heat 00 ! 
aooled by air .... 283 j 
M eonvection 253 1 

• radiation . 233 [ 

good eondnetor 172, 103 1 
heated by blows *. 09 

hunsa aafiB lo Ughtg. 1 5 
anatehea lOO 


IsLAN ns temperate. .... ^28 
subject to wind 82’ 328 
warm '328 

i Jack 0 * Ijintem ...... 208 

January winds 317 

Java, jungles of 270 

! Jet of flame through bars* 46 
Judges VI. illustrated.. 218 

July wind.H .117 

Juice of lemons 4 <h8 

June wind 817 

Jungles of Uindostan.. 270 

• 

Kendal, rain of •*••.. 838 

Keswick, rain of «V»8 

Keyhole, draught of •* 331 
Kr.lTLK — 

boils over.... .... .. 118 

n quickly when sooty 194 
M slowly when clean . 104 
„ „ when new.. 104 

back of black . . . .f . 207 

bottom sooty 207 

H cold when boiling 207 t 

furrof 264 

holder 173 

lid should be clean .7 2i)3 

,* hot 208 

not foil after boiling, lift 
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KiTTLl (nmlinMtf) 

jaDBover H8 Lbatbb absorb <mrb.Boid 2 Al 


through th« spout 11H{ 
Ssturds;*! boiU best 207 1 

Bings 116 

steam of 242 

top bright 207 

Kid gloves. blBch 190 

KilUnt^ echo 430 

Kibllibo Ores 42 

damp 45 

dry 45 

BlODes unlit for 45 

Ladies* fan 185 

Luke Averno 270 

Lakes which never freeie 372 

Lamps 75 

Argand HI 

safety 203 

smoke H4 

spirt. 101 

, glasses 85 

(Sea rattflla.) | 

Land air colli ........ 231* 

affects climate .. .. 305 

cools before water . 231 
Laplaodere clad in skin 100 
LarvB 160 


Latent brat 33, 09 

Laundress wets flat-iron 162 

LASt||Bj<S— 

reused by want of food 92 

„ heat 96 

^ Lead, bad conductor . . 172 
dulness of .... 201 
, pencils ........ 20«5 

tarnish 261 

LesiMiesa from aiarviar ti9 


collect dew 21ft 
cih ale oxygon .. 2.50 


green ........ 42# 

ill a pond 437 


hglitgm. in spring 420 
pale ill dark places 42t' 
promote cold .. I OH 
radiate heat.. .. 215 
yellow in autumn 420 

Lemons, juice of 4HH 

suit of 4 hH 

Lid of kettle bright . . 207 
.. hot .... 2US 
rattles .. 119 

Light bread 2H8 

colors cool 104 

„ bad radiators 204 

Lioht 47, 3H0 

a compound .. 410, 417 

cause of 381 

contracts the eye. . 395 
divided by • prism 410 

from a flint lO'f 

f, comprcHsion 105 
none in bent tubes 403 

of candles 77 

fir* 47 

houses, trees. Ikc. 3RL 

the sun 'tHt 

ffrayscausedsrkn . 421 

speed of I 

sudden, painful . . 382 

Lighting fires 42 

Liohthiko 3 

affects iron snd steel 31 
I „ telegraph .... 3« 
amosi sail from.... 21 
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U.OHTNiNa (cofi/lmiAf) rAOK LictBTNiiia 

faarkf IrMi 229 1 Klobultr 6 

iNtfl repels 21 1 herds sttrsct .... 19 


bells sttrsct .... 

17 

Inresks off boughs. 

30 

brooches sttrsct . . 

22 

Mrpets repel 

21 

csute of Hash.. •• 

6 

churches sttrsct • • 

14 

clouds 

5 

oonies from clouds 

16 

ft ft earth 

16 

crowds sttrsct . . 

18 

danger from .. 14 to 23 

ooMOUcToas 

23 

„ cop^ter best for 

23 

danger from • • 

24 

how made .... 

23 

tf not attrsctWe . 

23 

.• msterisls for. • 

23 

ff thickness of . . 

24 

M use of 

23 

•. why not common 24 

different kinds .. 

3 

discharged by spires 


n trees 

12 

nfrom clouds . • • • 

16’ 

„ „ earth to clouds 

16 

ricctricsl 

3 

flash, cause of. . . . 

6 

precedes thunder 1 1 

flies about 

25 

flocks sttrsct .... 

19 

followed by rain. • 

10 

„ wind . • 

10 

follows dry weather 

28 

not wet ...... 

29 

forked 

5 

fuses metal 

27 


iron bedsteads safe 

21 

keys attract • . . . 

22 

kills animals 

7 

knocks down houses 

24 

„ churches. &v. 

25 

magnetic p. . 

31 

maims 

7 

mattresses ret>el • . 

21 

metal conducts . • 

23 

‘odour of 

80 

passes down trees 

13 

„ through man 

14 

pn^uces fulgurites 

30 

tf nitric acid 

26 

purifies air 

28 

fare in winter .. 

28 

resinous 

16 

returning stroke . • 

17 

rings attract .... 

22 

safely from 


scorches trees. . . . 

29 

sheet 

6 

source of •• 

4 

speed of 

12 

straight 

6 

sulphurous smell of 

27 

tuoimer 

11 

common iu 

28 

theatres attract . .w 

19 

trees attract .... 

12 

„ conduct .... 

20 

turns beer sour . • 

27 

H milk sour . , 

2h 

„ not oM beer. * 

27 

„ not porter •• 

n 

fitreous " 

Id 
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LiortniiiA (eonthnted) paok 
wbUh aitmvi ...... 16 

waiclies attrMt .. ill 
water tttraett .... 14 

wet repels. 22 

S 

(See danger^ aa/ety») 

Lilac ateel mats 

• prevented . . 2<i0 

r.ily whifc 41U 

Lime nnd water 32 

absorlm carb. acid . 27H 

burned 20 1 

pbuspi'iate of 207 

purilioa bins ... 206, 430 
„ aewers 200, 439 

alack 200 

qiiiek or caustic ... 202 
u^ed by well. Milkers 207 
wabh for rooma ... 430 

while 4l0 

Lincoln, rain at 338 

LyiE of incidence 337 

reflection ,3M7 

Listen clcanud by water 302 

cool wear 100 

dried .33.3 

Linseed oil boiling point J22 

LtlltJEFACTlON 120 

Liquids 114 

bad comluctora ... 238 

pooled 240 

oeateci 239 1 

not clastic 246 

lisle thread glovea • 106 ' 
Liverpool, rain of 3.} 8 

Lia^rds cold blooded ... 08 

Lokdoii roo 2.32 

nin of 3f)H 


Loao fluea 61 

graaa pronotes eoM . 106 

Looking aLaaa 066 

a reflector 366 

rctiecu our image . Ohh 
„ whole person 980 
Loci rjiB matches .... 208 
ignite easily. . 208 

Lunar coustio 488 

Lungs described .••••• SdO 

Miirknrcl acales, fire. •• 140 
Mack in tosh prevents cold 164 
Madness from atarvatiou 80 
Magnetic, lightniug is . 81 
Magnifying glasses. . . . 900 
M itgpies hods wesiber. • 1 00 

Malt 282 

Malting 281 

Man a swmiincr 870 

fat HWiniH best .... 870 
j no bigger than crow 300 
MnncbeNtcr, rain of . . . . 8£>8 
'Manufactory ebimueys. 64 

Marble 488 

' March, bushel of dnat 328 
cornea in like a lion 328 
goes out like a lamb 823 
dry good, wet bad . 3^4 
„ month ...... 3 17 

ilnwvra undesirable .324 

use of 323 

winds it 17 

' „ dry .323 

Mares’ tails 140 

Marsh gas 203 

Masts of ships seen 6rM 402 
May flowers 323 
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r^oY ^UHifemtwugd) * 

JM*jwindf r..I. S17 diflen from elotid 181 

lAeatoom 209 ,, ,, clew... 228 

„ not cbaaed 210 „ ,, fog ... 283 

in cold 98 dispelled lirmin 229, 283 

loathed in heat 94 incrensesdiMt&nc^e... 150 

roasted hy red ectoni 201 nmginfies 155 

taint removed 489 on witulows 219 

tainted by moon ... 226 Kecmsto rise dl29 

U>:C1IANICAL ACTION 98 white 151 

develofies heat 2 Mixing not combining 20 

MF.KcuiiYonkurometer 38.*'i ; Money hot in a pocket 174 

Imiling point of ... l22!MoNsodx 315 

bright 202 1 very |)Owerful 310 

ooncave 848j vcty userii) ... 816 

convex 343! rfianjcrrs marked 816 

its rif«e ft fall 837 to 348 ‘ Months tirifst 346 

rises from heat...... 127 nt ttest 846 

taniitilies 261 MooK, dintnitre & sise 400 

IIetal collects no dew 216 halo round 150 

conduct ora 172 largest at horizon 895 

feels cold 175 oval 899 

„ hotter than wool 174 reflerted in water 893 

fased by fire ; seems Hut 401 ' 

„ by lightning.** 27 „ larger than stars 400 * 

^od conductor 212 Moonlight pro. growth 227 
handles burn taiiitomcat 226 

hot causes jife ... 185 Morning breeze 326 

icflcctora 200 grey 146 

teapots 205 rainbow ... 146 

Mii.Klongin cooling 241 itMi 135,145 

soured by lightning 25 strealui 136 

Mineral spnngs ...... 860 ! Mortar 29x 

Miner’s dinger 296 adhesive 292 

prevented 267 cniinblcs 374 

Mirror ...J 386 hardens 293 

MiceHttneonsqncs. 436, 443 i Motes in a snnhonm... 255 
Mist arrests sound ... 429i Mothr-Carey’sChickcnslOl* 

black 150 i Mould hardened by sun 169 

cause of . ... . 22S< ^Iountaina cloudy... 142 



INDEX 


ilouVTA*ilis {ronlinyiJ) 

•fTect climate . • • • SOA 
„ witxla .'*08 

cold 202 

•ol^traiD 356 

faniotis for echttes ^33 
oeight found by ba- 
rometer 33 ft } 

fmpode reapirati^i 2-><» 

nnitielesa 13 * 2 ; 

Mttnale of soda i 


Murky iiiglit't opprt^HHive IftI 
Mi'HiCAL iiiairuiueuta.. t‘2*< 

baaa 4‘2JI 

427 

Adillea •« 128 

drums 'I*2H 

rtiiie 4iS 

flat 4*29 

glaaaca «... 4’2H 

nofpa 42!) 

{liHiKiftirie •...•• ) 2 K 

xotinda )2i> 

treble 420 


Nails for luAicliPS . . • . 
Naves tilted <iii hot. . . 
NsaH NIOHT .... 40 . 5 . 

a|H'ctacloa for , . • . 
Negative electricity.. 
Negroes, II hy black .. 

with black eye«t 
New kettlea boil slowly 
Nioht air uniform.. .. 
allays hunger .... 
cold when fine.. .. 

, exhilarating. 

oppressive 
produeas 


Night, rainbow al .... U 7 
Nights warm.wheB^Ioudy 21 

Nmnifs CLOUDS. 141 

eharacterof •••• 141 

Nitrate of silver 4rv0 

> Nitric Bcid .... 26 , 28. 4 'H 8 
I produced by Ughti g. 2 fi 

NtTHOcikN :18 

; expired *249 

of air * 21 H 

' Non-traiispareiiey .... 416 

Noon, cause of o'>i; 

, North wind cold .... 3*20 
dry .... a'iti 
east wind dry . . 322 

! Northern lights 1 IH 

Nutks bu^s 4 '9 

flat 4*29 

sharp ... 4*29 

I treble 4*29 

! November rainy ..•••• 3*26 

Ofwan alTePis wind .... 803 

(Octaves 4*29 

I « )dour of electricity . , . . ;)u 

) '• )itice dandy. • 7 1 

Oil, dcoiMs of 75 

linseed, biiifmg pL 122 
of tur|>eutiue .... 122 

of vitriol 488 

pnj>er transparent 416 

Old fitople cold 97 

far sigbied 4,08 

hold objects at a 
j (iistutice • • .... 409 

j lose their power of 

! walking 442 

apectaries for .... 403 
sa 2 
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0 


PAOa tAOt 

One pot will not boil In pAPkn bum . . . 43 

* another*. 130 not aUraya 46, 64 

how to make it 121 extingui^liera . . 81 

Optic nenre 406 oil<‘d, tran»parcnt. . 418 

Orange coloar, canae of 424 piirkiTH from wet 368 

Ovens eiiterefi by men 185 for kind liug. . 48 

Out-of.door work pro- Papiliie 448 

duces liunger 92 Paris, Dr. 438 

Owls prowl at night .. 3S4 plaster of 48H 

see ill the dark «. 3H4 rain of 858 

aleep all day .... 3K1 Pasloiirs Hmell of smoke 

screech before rain 15 !• in suramer 71 

Oxalic acid 4HH Partition walls to arrest 

Oxide of copper. .... . 261 sound 437 

iron 25H Pea soup fog 282 

lead ........ 261 Peacocks cull np ram . . 166 

platinuin .... 266 Pearl divers deaf .... 162 

potassium . . 264 IVncils 26C 

silver 263 Percussion 96 

sodium 264 | Perspiration 62. 239 

Oxidized.... 2iH | Petals 418 

OxYOGH .37 j Peiri'N Ifl! 

exhaled by leaves 350 ^ Peirifiu tioii 361 

heals the blood 349 j Pho'^phate of lime . . . . 297 

ill the blood.. .. 266 | Phosphoric arid 88 

inhaled ...... 247 | Phospii onus 297 

makes blood r« d 24H bow obtained 397 


„ fiiel burn 346 ' burns nuder our nails 88 

of air KM I Piiosphureited UYDUO- 

„ its Ufie .. 346 OKS o«vh 297 

supports combua how obtained ....8Sf97 

tion 246 Piano^>rte8 438 

atistttins life.. .. 24<i Pickle tested 377 

Use of to tinder |itl Pic with a cup 123 

Ozoui 30 full of juice 134 

Pigs squeak before rain 166 

Paleness 349 ( Pinipemel lorebodes rain 157 

|*«litier'f oaqdlea b8 ' Pipes broken by Dost. . 868 
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rAOK t 


PAOB 


PlHtOD inj 

Plaut* collect clew .. •Jir» 
forebode rain .... J57 
grow by moonlight 227 
Plaster uf Paris .... 188 
of sloven fulls 12(i 
Plasterers cuLnot work 

in #dst •‘ITT) 

Plate wurmer .. 2(0 

Plaiinvu, good con- 


I 

I 

! 


diicior ...... 1721 

its Use . ...... 204 

never tariu.-lies 2(»8 
Ploiigbing warms us .. I(i7 

Pllmuaoo 200 

preveuts rust 200 
Poison for flies ..•••• 400 
Poker draws up (ire •• 08 

hoi against a >«tuve 102 


cold on a fender 170. 100 
bow to carry a hot 242 

^ rusts 2.'>0 

rust of« prevented 200 

Polar currcril 311 

sounds 480 

Polish, use of isOi 

Polished metal teapots 2(i3 

Ponds dried up 108 

Poor averse to cleanliuehs 90 
veutilatiOQ « . 97 

^ lasy 

Poppies repel dew .... 230 
Pores of wood 1 1*0 ; 

Porter, froth of 270 

set before a lire 1 12 

« stale 2h6 

vats daugeroud 274 
eleeuricity • . • • 10 i 


Po^ts charred 74 

PoTRTUKH. green s. .. 421 

yellow 4.’0 

Potash, tnrlrate of ... . 4^ H 

Potass III 404 

biiriiB in water 404 
Prick of the skin bleeds S3 
Piiiiirtise ytdlow . . . . . . 4 19 
Prisin<> divide light.. .. 411 
pRuoNcisiiCH of weather 
from iiiiiinrils .. IJf, 186 
cu ful ice dt lamps 161 


clouds 138 

et^rns 2d7 

distant objects. • 186 

flowers 167 

insects 169 

magints •••... 169 

pel fumes 168 

railway smoke. . 168 

rainbow 148 

sea gulls 160 

sky 146 

smoke 168 

sounds lo8 

sun>ri8e 1 4<» 

sun-seU... 143,148 
Proverbs about— 

April 326 

clouds 140 

dust 332 

kettles 207 

magpies ..••••.. 169 

March • . . 323 

rainbows .... 148, 147 
scripture, 146. 181, 360 
spring :I33 
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pRovEBBs (eonlltiueif) 


wealbar 

wihfis • 333 


Psalmn iUuHtrated 181, 3«5‘i 

Pump explained 33$ | 

handle cold ... • 175 
very deep .. 336] 
water hard .... 3^i0 
„ epiirklcM.. 2!>1 
Purple steel rusts .... 200 
its rust prevented 200 

PUTBEFiCTIOM 2H4 

not f«rmentatii>ti iiS3 
smell .... 284.297 

Quadrupeds swim «.«• 379 
Quick lime nbMorbs enr- 
liofiio acid .... 270. 202 
QutcKaiLTEii bright .. 202 
conductor. . . • I7H 
exiiuguiabed 442 

RadI4T10ii 202, 254 

coals, iron . . 253 
iUdiatora arc absorbers 203 

bad 180 

lUiLWAT engines .... 221 

fiirr of 2d5 

amuke foretells rain 153 

water for 265 

iUiN 25.3 

affected by wind . . 354 
after lightning. . .. 10 

arrests sound .... 430 
cause of .... 233. 313 


clouds bode. • • . 141 
enols air 166 


differs from dew.. 233 
dUDiuialwt density 355 


Rain (cofitmued) >ava 
dispels carbonic acid 276 

drops of 353 

„ vary in sice 354 
fertilixing . . 325. 355 
from passing clouds 354 
sndden change 344 
heaviest 111 siimropr 358 
least at the poles. . 359 
less in summer . . 326 
most ill winter 325, 3'>H 
on inoiintoins 356 


near the ei|uator. . 359 

not salt 361 

on cabbages 230 

dust 230 

rose leaves .... 230 
of Cum bridge .... 358 

iKildiii 858 

Kngltnd ...... 358 

Kendal 3 >8 

Ke^wick 358 

Lincoln 358 

Liverpool .... 358 

London 358 

M anebester .... 358 

Paris 858 

prognostics of ... • 142 
from animals .. 154 

birds 159 

candles and fires 155 

clouds Ill 

oonis 357 

distant objects.. 155 
flowers 157 

insecis 159 

railway smoke.. *53 

rainbow 156 

•ea guUa 16 C 



INDEX 
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Kai* (ivnttnueil) 

•fc; M« 

smoke 1 

sounds. .....■• 
snii 14« 

huddi'n chsnjje . . ^ , 

VATKU fertilizing 3**‘> j 

Rkflectors (eimtiad.) **Aoa 
not absorbers .... 2U0 
poliahed metal 2U0 

should he clean . . 197 

„ bright 197 

„ not be painted 19A 

RkFR ACTION 402 

IteNiiHuis electricity •. 1* 

Hfiliiia.. 406 

smells offensive 3(i‘2 

Keverbenitnm 439 

Rice for food 96 

slrKHunt 304 ! 

uniiies'isiit .... 3t»3 1 

Rainbow 41 1, 41'2 

culuiirs reversed 41 V 

double 4(3 

moruitig Hd 

ni(!lii 147 

Rings dangerons in 

storms 22 

llivRita slow at *>ideH . . 353 
freeze iineqniilly 860. 371 
„ never Qt bottom. . 369 
invert our image. . . , 390 
not wholly Irozen . . 370 
o^cilluie •••.«*«• •! 3(>3 

parts of Kiigland H'lS 
Rare sir bad for Miund 

KaUling of ketde lid • . (1^ 
BaI of light bent 409 

divided .. 410 
two produce darkness 4 '2 k 
Reading makes hunger lU 

Use tk Mf-klrsaiv !2 ft H 

i sIihIIow freeze .... 371 

; seem shallow 404 

warm when froseu .. B71 

Roast apples l^U 

,, soft .... 1 09 
cheNtnnts .... 1Ul 
Road dark from a light 
room 362 

cause of 41 S 

rose 41H 

Ay J35 

auii'iise 199, 144 

^ sun -set .. 149, HO 

RariXCTlOM of H1CAT. . liffi 
in a mirror 3H8 
in water . • 340 

Refi.ictors 109 

. help to roast .... 21^1 
keep kitchen e«ol 2^1 
light cokrar s .... 20U 

Rocks collect no dew . . 217 
broken by frost 367 
Rotation of earth affects 

Room cooled .... 165, 338 
eurrcniM of air in . • 303 

ventilated 338 

vitiated by a crowd 260 
warmed by fire • 248 
warno'r tban air •• 631 

Rosea red 418 

Mpel dew.. .... 230 


• >« 
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rAOl 


Roflncftth, echo of ... . 

Koii8,o<Jttptuin 4H0 

Hutntiou of fiirlh .... «i0(> 
UoUing Icuvi-H coM .. 

Uubbitipt 

buiuls 10 warm iheui J(i3 

tni'ltH ice t<>4 

restiirca aniiiiutitiu 
wo(>«l exci't*') bra. . iO'i 
Svt Jrti'liim. 

Rutldiiii'Na 2t>) 

Rums fiinieil for ecboas -i.l'J 

Huniford Count )IU 

ItOli'v INO iiiiikaa wurindi fK> 
water fri't'ZaH iiluwly ^70 
makea rutigli ioe. 

oacillutCB 

{jiiire 3(U 

Rosli-lights blown out . hU 

Rvar 26 h 

prevouted ...... 

when moat commoo 2;>9 
Riistica healtby ...... 27 1 

liuta froseu 307 

Savktt IK a Storii 

abroad .. SO, 21. ?3 
beat to be wat . . 22 

Ib a carriage . « 30 

annour .... 2> 

bed ....... 21 

bouses «... 21 

iron beds .... SI 

near a tree .. 3(> 

Rafety lamp. 205 
Sailors killed by curb, ae, 26b 
rarely eaich cold lOri 
Salifa 440 


raea 

St. Bride's church de* 
sirojed by ligiitriiug 25 

Salt 4-« 

and hiioar c<dd 31, 374 
„ bud ioi wa.shiiig lUi\ 
crackles in a fire. . 46 

diHsolvea ice .... 
dina'ilved by ir,a!er 303 
„ (i!.|*rr.liiiiy bol 303 
iiiivour^ water .... 303 

of lemons 4^5 

retards boiling. .. 121 

smelling 4^0 

white .......... 352 

water bods slnwly 121 
„ bud for steuruers 204 
M »» washing ISO I 
Sails Kpsotn 46H 

Sand duzaliiig 417 

used for furnaces IMl 

Satunlay’s kettle 207 

Haucspan best black.* 2U6 
new boils slowly.. 2()0 
lids should be clean 200 

bright 206 

rutile i I tf 

Saws hoi from use .... 104 
Sawdust arrests sound 431 

Scald cuiedv 103 

Sclerotic coat 4* *6 

Scripture ilbbairated 101 
21?, . 50 

Scum of fermeutatiuo 2oi 
Ska utTects climate.. *. 305 
beach healthy early 327 
not at night 327 

brack! '^h 304 

breakers 320 
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Ska (ront^nvrd) r\an 

breiso H27 

cause of 

cold '^27 

gives out heat 329 

gulls 103 

loss hot than laud 3(K» 
not lheate<l by sun 

rarely froztMi 372 

„ gives cold Ki.'* 

aalt 304 

■pray 330 

tides 337 

vapour not bait ... 170 

waior bujyaut 377 

waves 329 

,, stationary ... 329 
no on ward motion 329 

wiuds 309 

Sedf^ntary men uot hungry 92 
Seoda geriJiiUHto ........ 32.> 

iu a glass 330 

into a dark stieet 390 
,, light room ... 3.S2 
in small niirroM... 3S9 
the same object ... 3s 1 
whvit usvd lo dai k IM 
Sensation de8:To>ed... 441 
of loeliiig ... 441 

of taste 441 

September winds... 317, 318 
Siiwen purified by iiinu 290 

Shade cool 189 

SuA0<)W after looking at 

sun 424 

in water 389, 390 

larger as the object ' 
approaches a light 397 
Shallow Water freezes... 371 


Shavings arrest soniili 432 

Sheen 417 

bleat before rain 154 
lie under hetlges ... 154 
perilled by storm... 19 

Sheet lightning 6 

Sheets wet 164 

SliiUtiig and basin 404 

Shining 4)7 

Sii ll^•»contain cm b. acid 268 
hull seen tirst ... 402 

out at sea 402 

the llawooily ... 238 
.Siiiui'H, cotton warm... 190 

linen cold loO 

S 1101 .H cold when whc 161 
hot when du.Hty ... 201 

Shot hot 1 06 

Shower o«>o)h air 160 

.Shutters dangt^ons ... 166 


Sick rooms put iflod 439. 440 
Sickuesif from overeatiu 4 90 
want of oxorcisit 90 


Sides of a pond littered 137 
Stour aifected by heat 332 

far 406 

cause of. 406 

etli'Ct of......... 409 

remedy 409 

near 407 

cause of. 407 

eifect of. 409 

remedy 407 

Silence prod, by sound 421 

Silk, raw warm 191 

spun cool 19J 

Si L v Ell good conductor 172 
meat iHfVVis 209 



478 

TNPRX. 


Silver (ewtinwid) 

VAOB 

Pact 

should not be chased 210) Smokb 41 

.90 

'nitrate of 

4«l4 

asceiiils 

60 

tamiHhes 

261 

cftirN 

61 


115 

falls ............ 

158 

Siiiitde cluud'4 .* 

137 

down a chimney 

64 

SiNOticoof a kettle.. .. 

116 

of fresh coala . • . . 

41 

produces hunger 

91 

„ candles 

K3 

Single rnngpie unlucky. 

150 

•, lamps ...' 

H4 

Sir H. Davy 

295 

remi‘dy 

85 

Si/R, diatance lessens 

399 

„ red-hot coals .. 

41 

of clouds 

132 

M steam eujiucs. . 

61 

Skin, black never blisters 

193 

„ „ trails 153 

scorches 

19H 

rises 

66 


white bliRters •«. . 

Ssr blue I Iti 

chan^d n‘i*i 

grey... 
overcast 


red 145 

yellow I 15 

Slaked lime l'J»2 

SLKKPeltiiii;iiies the body 4d I 
boily fecln not in ... 1 H 

dreams in 441 

ears hear not in 440 
eyes ace not in...... 41*0 

mind wills not in . 4 41 
tongue tastes not in 4 lO 

Sleot 311) 

Slit rbesnnts 100 

Smelling salts 4H0 

Smells in wet weather 157 
bins and ?t‘eers .. -30 
remedy........ 200 

ebftreliyiirds ...... 207 


usffnl ill cooking. . 20H 
Smoky chininpys 62 

1 45 ' Smoke j arks tI6 

...... ti^l > Sinoiildiring wicks.. . . 5S 


Snakes cold blooded . . ifh 

Ssow 549 

and salt cold . . ,'17, 374 
arrcbiK bound .... 429 
had conductor. ... 3 >0 

cause of 349 

contains heat .... 34 

falls m winter .. .. 349 
„ not 111 Miinmcr 3f5I , , 

like wool IS I, 

DonrfilMa the eariU 30^ 

ou moiintains 331 

Boou melts beneeih 

a hed;'e or wall . 214 i 

Use of 350 

'Warm 350* 

wlitte .... ....a 35 1 


putrefying bodies . • 2^4 Sotp 3til 

tick rooms 43H oleanaing 311:^ 

reined V 43b hard, soft 361 
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Boap (eontiimed) 

yellow 361 

bubbles 41ft I 

f, sscend .... 366 , 
M ell sn^e odour lift; 
Soupy wster bubbles .. 3U5 
Soda, muriate of. .... . 4^3 

wnier ^77 

,1 acid .... *i7H 

SoviVM '.264 

decomposes water 204 

Soft soap 3'**] 

wac<>r for wasbing • 302 
Soil affects climate .... 36ft 

Solids lid 

SovoiioUK thiugs. . • . . . 426 

bell metal 427 

copper 42<l 

iron 42<l; 

muHicalmstniments 42RI 

Soot 40! 

iu summer 71' 

»’ii ceilingp ...... 71 

{See moke.) 

Sooty kctilea 103 

SoDMD 426 

•fftfcttfd by fruHl • . 4*'I0 
„ htal .. 430 
akin to colour .. .. 4IA 
arrested by piist .. 431 
„ wet .. 429 
di' finished by rarity 432 
beard beat by night 431 
,, ill a frost 430 
through bent iiibes 403 


Sooiro (ronffimed) 
prevented passing Uron 

rmim to room ? 432 

two pruilticc aileiiee 421 

Soup long cooling 241 

cooled by air 254 

Source of hcu I 

SnnrneMS. cause of 280 

South wind rainy.. .321, 337 

warm 320 

west wind raiuy ... 322 

SpAitas from afire 110 

„ flint JOO 

„ home shoe 10) 

SrECTACLBa 406 

affect the eyes 42ft 

black 426 

blue 42% 

eiwuded by a hot room 222 

for aged 400 

„ ucar sights 407 

Speriritni 42d 

SetuiTs depressed .... ISl 
before a storm 257 
cloudy night... IftO 
dull weather... IftI 
nsountaiu air ... 255 

eahilaraied 1 51 

by dear nights Iftl 
frosty air... Ift4 

spring 151 

Split bells 427 

Sponge swells when wet 3ft6 
Spomtasboub r;OMBU8> 

TioN 67* 68, 59 


inaudible on hills . 432 1 of forests...... 104 

kudest in dry air . 153 j Spoobb become dull ... 262 

velocity of. 42ff j bent in water ... 404 

musical 420 • suuusd br eggs . 284 
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VAOK 

6 PooNji retard boiling.. I*<20 
SpeaMng prodnees hunger 9 1 


Spray, ennM« uf 330 

white 419 

Spbiho, best Ute .... 324 

breeing 1^4 

orarks the earth . . 374 
verdure • 420 


Bpring water cool .... Ik9 

„ spNi'klcM.. 2/0 
Springs prevent fret ziiig 372 
Sprinkling to cool rooms 165 
Squint eyes eee double 3HS 
Staunant water ...... 

full <»f woroiH 3H4 
s<H>ii freezes . . 370 

Stalb beer, ii:c 

eggs olfeiisive .... VH5 
Btaas, ilisianec of ... . 400 

size of 400 

iovisible by day .. UKj 
B ceiu flat ........ 40L 

aeeiJ in a well .... 3S3 

seen on mountaius 304 

twinkle 421 

Btaiivatiow K9 

produces dirtire^s , Od 
„ lu/iiiess ... 02 

„ leanness... bO 


f, lUHUiivs'*. .. o;' 

Straw 120, 330 

curls 01 

engines burst .... 242 

invisible 242 

of a kettle ...... 242 

.. loconDotive .. 224 
why visible ...... 110 


what bee of it 


PAOB 

Stsbl aifecied by light- 


ning 81 

and flint make a 

spark ...••• 100 

pnrple 200 

msts 200 

prevented... 200 
Stick bimit makes a circle 

of light 422 

Stirring cools broih, iScc. 234 
Stockings diinciilt to draw 

on wlifMt act 337 

Stones broken by frost 307 

cold 175 

collect no dew 2)6 

simp in fire ......... 1 10 

until for fuel 4.3 

Storms 4 

depress the spirits 257 


di.'^tiiiice of cold ... 9, il 
follow dry weaihcr 28 
places of danger in 12 
safety in . 20 
prevail in summer 
Slid snininn .... 28 

rare in wet weather 29 
(Ait dow^Tr, MjttyJ) 
Stovks crack lighted .. 126 
cuuiing.. 120 

of bricks 181 

ir.ii 181 

on a floor 63, MS 

nisi 259 

„ most ID winter 239 
,, not often .. •• 259 
„ prevented .... 260 
eetiings fall away . . 126 
warm a room .... 243 
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TAOm 


SfEATua eloiida 

138 

how produced .. 

139 

Brnaw put over brioka . 

875 

„ treea .... 

870 

„ water pipes 

37« 

STasKTs dark fr. a room 

3S2 

aaem to meet . . 

398 

Watered 

105 

Striking iron makes heat 

99 

Struggling in water dan* 


gerous 

37M 

Stiiceo ]H;ela off in frost 

370 

Sul lira ate a 

488 

Siibliraation 

488 

Sudden light painful .. 

882 

^LOAR 

279 

anhydrous ...... 

28(» 

at tup of tea melts 

43H 

elements of ...... 

279 

fernients 

27U 

flavours water .... 

3ft3 

# left at the bottom of 


a cup melts slowly 

.188 

makes alcohol .... 

2»U 

.. carbon 1 C acid 

2^0 

melted by water . • 

803 

•specially bot 

303 

of lead 

4K8 

retards boiling. . • . 

121 

stirred melts quickly 

438 

; white 

352 

SuLPUATSof lirac 3(i0, 

488 

Din^nesia 

4KH 

soda...... 

488 

xiuo ...... 

488 

Sulphuric acid 

488 

,, and water 

.12 

Sulphuretted hrdru^ien . 

281 




SuMMim— 

allajt bongar A«« Ml 
elotha* for ••«••• I0i 
makea greata odioua 94 
H fruit plfraaant 99 

lightuing 11 

Siiii-baaniB full of luotea 9.S9 

Sum atfecis ejaa 424 

diiialea.. •••».•.. 383 

dulls lira 50 

haraena earth .... 109 
largest at lioi^oii , 395 
not seen *: a 'vpll . . 392 

oval .. 395 

radiates heat .... 202 
rellertail tii water. . .*<93 
aeetiiK flat .»••.. 401 
source of beat.. . • SI 

Stiu-riae broexy 320 

red. CHiiaaol !•%% 144 
n sign of Wet 11(1 

SuD'Bet grey 1-1-6 

red 185. 141 

f, forebodes Hue 143 
yellow........ 148 


„ forebodes wet 144 
Snper ncptate nf lead .. 468 
Sur lUja of Bengal .... 269 
Suspended aniinaiioii res- 
tored 103 

Swallows fly low 159 

Swan dry in water .... 230 
Sweet wort needs yeast 283 

SwitiimerH sink 378 

Swimming 379 

in the sea.... 377 
Syphon explained .... 2 58 
Syrup> builuig point of . 122 
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Tftble mil Temperature from trees 167 

TAiMTsi) meat oiiretl 72» 439 Tempist 4 

,,inniooniiglit 220 aflertR weather 344 

water purilied 73 (Sre uforma) 

TiLtow 7*^ Tbanmatrope 423 

wicks, why of roiton. 83 inwnied l.y Or Paris 42S 
why not like wax wicks 88 Tuaw afTefis burotneter 3:>8 

See eandlrn, , enl.) 373 

Tarkinh 201 (lulls fue 52 

of ct»f»p»*r 201 J Thcnire dai'gi r(»'is 19 

Oerinan silver 202 j Thcnooineiri 334 

lead 2011 dillV‘rN from a 


silver • ”02 1 hiirtiU'rier. . 334 

zinc . 201 I risf’s ftfuii lifMit 127 

Tartar emetic ••■««••• 40H , Thick eloihiiigimlicaliiiy 170 
Tiirtrale of potash .... 4h8 Thread ghtvr^s cool.... 196 
Torts hove a cup inside 123 why white 419 

full of juice 124 Tiiundeb 8 

Taste 442' after liphininj?. .. . 11 

Tea cooled by blowing. Ib0 ! bolt*« {nrvj'utyurttre) 11 

„ by stirring . 1*54 | deep prowl 9 

„ in a sniirtT. 1**9! disnmn* of, told . . 9,11 

OBEF.N, delctoi'ioiiH 4«'1!1 efleci on wenlbt r. . 344 

„ poison for flies 439 followed by inin .. iO 

Tea pMT, hlack eurth . . wind .. 10 

preferred by some 20,> inaudible 11 

set on a bob . . , . 2<V> irregular roar ... 8 

bright luetiil .... 2<’4 one crush 8 

,, tarnishes 2ti2 ndiing 10 

Tka-spoons tarnished . 2(5 1 (S«# Mtjrty, %Utrm,) 

„ by eggs ff'-l , Tiiuintcr-siorins. cause of 4 

Telescopes 402 Tides dOO 

I'BkiPBnATi'itK varies.* 3(U rmise of -30 

from forests. . • . Kii two rluily 330 

„ land .... 300 TiOERs prowl by night ;*h4 
^ momiiaiiis Onj j see in u durk. . 41S4 


ja eea 3<'5 j sleep ai. day ... . .yh4 

• soil*..... 305 I Tiles broken k 'frost.. 307 
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Timber charred 74 j Trefoil forebodea rain. . J57 

Tin blowers 70 Treinuloua appearance 

Soot'warniera .... 170 ! after rain liO 

covered ImO Tube of barometer SIS 

good rnnduelor .. 17*2 Tiibn dried up 108 

uifMil rovers, politthtl. ‘2(bl 'rumblera (*i'e altnsgs) 
py^te.wiinner .... lOti Twilight, evenin'«;f.. .. 100 

relliTiors *iOl mortiiiig ,, 100 

tariiidi of. • 201 Twinkling of stars ... . 421 

( SVe 1 1 /h‘rturt.) fwo eyes 

Titider iil'iwii 101 „ see single. .. . 3*<0 

I'oAhT mill water 73 „ use of OO'l 

dry for (he siek. . 7 3 fires smoke 0^ 

'Ptiinb Slones frosieil .. l!l7 „ rcincdy . . . . , . 00 

Tonus rust ’/<*0 

prevented.. 2oO IJnslit chestnuts 107 

Tools hot from use.. .. lOl (/se uf barometers .. .. H 

Thaoe WINDS 311 clouds 142 

Atliiiitic 314 smoke in cook in}{ 2iiH 

Ind lull ocean 311, did snow 350 

Monsoons .... 3|.'» 

* Noiili’CMst 311 Vali-kv uliiuincys smoke 07 

riK'dic 314 of death 270 

Souiheasi .... 3! I . VapornKATioN 130 

rrailiiigstnokebodesrain lod Vafou it a conductor .. 19 

rrHiispureney ...413 diileis from 114 

noiMruiispareorv 4 I d furius fog .... 234 

I'ttLBT.F 419,42.9 „ cloud .. 23 4 

iiH vibration ... 429 of a rarriuge , . 220 

I'bles barked by a ft.ish 2f a 219 

collect ilrw .211 gcaimtsalt.. 170 

covered with Iniss 213 Varnish to prevent rust 2o0 

di^cbrtrge !i)^li!inn;; 12 Vats bifel 274 

ItHik di.siMiiiin fog J5.J • Veoktahles eatuarb. nv ?51 
not 1 nisi- bitten.. , 23f> « B'/reealde in summer 90 

promote warmth . 167 j collect dew 215 

purify air 272 • cool the hload 95 

sLeJe of. c<io! ... lop JiiAuiid cn auiinalM ... 252 
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r AOK I 

ex h Ale oiyg. *250 
Vkiaicivi of elouds .. 831 
liglit . • . • 3H1 
ligliiiiing 12 
■oiiiicl . . 434 
tliuiider . 21 
wind.... 331 

Venfpeg ‘2H0 

Vkntil^tion 338 

AO'igbt by rich .... h7 
not by p<jor . . 97 

VerdigriH 4SH 

Veriiriil Him 300 

Vesiry chiinnevA nmoke *0 
Viiifgiir distilled .... .. 488 

VjoLKiblue 418 j 

colour, PAiioe of. 424 | 

Violins inuMical 428 • 

Vitreone clcctiiciiy. . . .4, JO, 
VlTMlOL, oil of ...... 488 

white •«..«. 4H8 ^ 

Walla to Arrent AOiiiid 432 < 
wet ill wmicr . . 223 
„ in a tlinw . . 223 
WiMiteoniicrird with dirt 90 
W vRV etolhes.. .. .. .. li'3 

rolonri.. 195 


aomc things more 


ihiin Olliers . . 

171 

Waumtm fiiun dnnniog 

167 

trees 

167 

rleariiig forests 

m 

culiivaiton .. 

167! 

Warming rooms 

245 

Wash hand l>asin .... 

177 i 

WaauiNOfgood for health 

if6 

water for 

21)0 

, should not be bard 

3*i(f 


AAOa 

WAtebes dangerons iu 


lightning 21 

WATEtt 859 

acidulated 270 

aerated 277 

and lime 32 


and milphuric acid 32 

BbhcHSdftcn '. 3(i2 

bad rotiducior 178, 240 


boiling 239 

„ biibblea .... 117 
„ rattles .... 119 
M mtiH over .. 11H 

„ singH 110 

„ swells ...... 117 

carbonic acid of . . 291 
cleans dirty linen . 

cold 177 

„ conraiiiA heat . 33 

converted to sUttiu 14^9 

cools slowly 231 

deconiposed ...... 2441 

dci-p freezes aloaly 372 
dned up in summer 

elaniic 245 

expands by froat. . HoH 
„ heat.. 


cxtingirishcH fire 33. 1 1 1 
„ not idwH} s, ih\ •Vi 
flat when boiled . . 28 m 
fla>oured by salt ,. 410.1 
,, augur .*d)3 
flowing, purs .... 804 

fluid 359 

for sick room .... 73 

washing 290, 8fi0 

froexes at surface... 370 
,, unequally... 371 
fresh, spark lea ...... 291 
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Water (rottfitturd) 


frozen 

3U(»| 

„ by ether.... 

370 

„ evapt) radon 

376 

air pump.. 

370 

fnel 

35 

furr of 

2(i4 

bwd 

;;n0 


to (Iritik ^ 


unfit fur .>tH) | 

• ...... 

hf'UMi r thiin iee .. >>(;(> 
iidt, M'uUU I 

bow prt'ht-rvrd cool 1!>9 
hot 1 :/U. VJOJf 
iiirreifcse.^ fire ...... Ji5 

inu'rt.H JiS9j 

kept hot V'fh. V H j 

, otjol I hft, *4' 9 I 

melt!* Mitritr, ball. Ac. | 
h< t 0^3 
uiincrui ........ 3h0 

^ ojixed with siill .. oh:; 
boils blower. . J22 
needful for finnitfi. 

Dot hculed ubuve 

boilinf? 240 

Qol heated like land 3(ffl 

Obcilhite.s 

piinip. ai^recaUe . . 2111 

•«, hard 300 • 

' npflrkleM ........ 291 , 

purified *......• 7.3, 

pun ties bifiH, &e. 290 j 

putrclieH 3f»4 J 

ram, not ball 3(i4 . 

,, snifdlKoffeti.Hly. 3f>3 

aofi ' 3f»2 

reflecib auu bv >* u 333 


Wavaa (luii/oitred) eaoi 
riaeH in u pump,.. Sfifi 
ruuiiiuK* keopa pure 304 
„ ireeaea alowly 370 
„ „ rou};li 371 

„ rixrillnles •• 3dfi 
■ah, had for waahg. 331 

aenlda lAfi 

sea bnteki>b .... 304 
„ bt Jdoiii froaei) 37 1 
■hallow, freezes aoouo? 1 

sitiiitiera lift 

slackeiw flame . • fid 
Hoiipy, hubbies . . 'lOfi 

■oft 2‘M 

„ best for washing 302 
softfued by SHhea 302 
■piirklcs .... 279, 20 J 

spring eool 1H9 

„ seldom freezes 372 

■isgiiniit 304 

„ full of worms 304 

stale 28M 

swells with boiling 117 
tuiiHt and, UHe of 73 
warm when frozen 371 
will uotbtibble with- 


out soup 363 

(Scr ire.) 

Watzk pipes burst by 

frost 36*^ 

oovfKMl with straw 376 
Wntenng pi an is by sauce ri36 
rooms ...... lhr> 

streets 103 

wheels 109 

Wavis 329 

cause of breakers 

tijoNV.... 33& 



48Q 


INDEX 


f %or I 

Wax 75 

c in'llfn not Hnuffod 8!) 

WRATrfRR Affficted by 

tempostH 813 » 

wei{{ht of air .. 33 1 

l^lam 83*> 

proflrnoBtics of ... 140 
fp. animaU 151. 155 

clondB 138. Ill 

flowerfi 157 

rainbow 140 

•ky 140 

min rifio 140 

sun-Het 1 13. 1 M 

rules for 337 

fndden cban^u briiii/'* 

run 344 

told by barometer 33 1 

toys 357 

WiLL-Hinkers use lime *207 

■Urascen in 3^)2 

san not seen in ... 302 
W«'8twindf>romotosdew ‘iio 

rainy 3*21 

Wkt clothes fl[ive cold 104 
«, safe in a Hlorai *2*2 
feet daoRoroua ... 104 

finder cold 1»»1 

indicationa of 145, 118 

kindling 45 

night oppressive... 150 
rat safe in lightning 32 

sh'^ts 164 

signs of 145. t46 

summer bringscold 16C 

walls 228 

weatherpainfalH.'* 150 
Wotteat months 346 


WiiEEiiS catch fire ... 

, 109 

groasod 

. 103 

kept cool by water 1 68 

Wbo(*l-ruN frozen .... 

. 367 

IVUenlwright 

. 125 

WlIITR 

. 416 

blisters 

. 188 

body linen 

184 

bones 

. 4*20 

cloth cold 

.. 184 

clonds 

.. 418 

crnst on clothes , 

. 170 

colour, cause of . 

.. 418 

dresses for summer 181 


,, not for winter 101 

fat 418 

froth 418 

lily 4'!t 

lime 41^* 

mist 150 

salt ?52 

snow 351 

spray 418 

sngar 3’;-2 

throiil 418 

vitriol 4S1P 

Wn’Ks cotton, Knuir*Hl s3 
not of WAX light 83 

gas of '284 

long, have a nob 32 

not upright 82 

Palrn'T’a not snnfT*' I 82 
rekindled q[aickly, 53. 56 

■moke 84 

Stv can^Veji, 

Will o’ the wisp 293 

Wivp 3<>0 

affects barometer 337 
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iKD (continued) 

,, cloud* •••• 184 i 
•ftcr liglttiiib . •• 1^ 

Altered by elouds 31^ 

„ eLctricity 13(i 

g, wountaiub tlOb 

, sea.H «... 301) 
ititatioii of 
eartli • , 80G 
Vringti clouds .... 142, 

„ dry 

„ ram oJJ 

CAiiee of 

ebinnieys biuoke fr< ni70 
^liUgcM I'loudb 131, 134 
cold .. 17(5, 1H7| . 

Jibpelfi clouds 134,143 

tf 

draws up nrc . . • . 

dries litu’D 3 '>3 


WiMDOwa blare will) y)un 
Dot at uoou sol 

draught of 330 

covered with froet f21 
„ „ niiai Sil*) 

cairiage dull •... 220 

rattle 436 

glabbCH (See giats) 
me, leiuieututiiiii of 240 
Dtade without yeast 2h6 
Bout ciitise of • . • . 2H0 
WixTLW clothing. . 182, 104 
cMtId 106 

piomoic^ hunger 03 
^VlsI>oM or God 

Atcr O'oWb gttodnrff. 
Wood abhesBof ten water 86} 

burns 4'« 

„ spontaneously 


effects on air .... ^01 charred ......... 74 

„ .. barometer 330 hot at one end, eold 

• hot uiiitb 1*^7 at the other* ••• 171 

generally cold 137 ignited by friction 102 

In Kiigland 317 kindling 

inrreabes cIoiuN , . 134 ,, dry •••..• 46 

ntar inotiuiaitis .. 808 „ wet...... 46 

Ola morning .... t20 made incombniitible 46 

evening .... 8*0 Benda fotth qiarks 110 

prevents dew .... 214^ snaps 106 

regular 610; will not melt .... 130 

^Varies 303 ' Wooden handles 173 


velocity of 631 Woodpeckers cry before 

varies .... S0& rain 166 

Wool bud conductor. . 172 
See England^ monsoon, north, eoUccts no dew • • 216 
wuth,veit,dic. trade winds, warm ..•••• 182,860 
breeze, ^c. ' Woollex clotliiug. . . . 1^2 

Winding passages echo 482 < kettle bulders 173 
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FAf.R 

Work jgrodufeii ^I'u^er lO 
Wound LruigK biooU .. 83 

Ymaht 

makt'M light brcud 

woi t ifh3 

not usrfi in winv . . 1*84 

iifled in bicving .. I 

Tellow roloiir 4M i 

of .. ‘I h*. 424 * 


r^iok 

YiiiLOir flaine luminous 48 
Diedium ume .. 419 
aky higu ot rsiu 14 fi 

KOltp 381 

suii'tiet rsuho of 143 
„ Kigu of Urol 144 

3^i<. xag lighiniitg .t*. . .3 
ZiM' a loiuUiiior .... 172 
tnn>'‘-h of, 261 


GLOSSAKY. 


iS calleil IMROilra ViMuar* 

Ctirtt i, M Ju>i t <il I ihiM.*) 

Annina M ^ Aquu l-otti* 

Vmmhc M m ^l It Af I tiitonaS 

iula^rtr,, „ Oil nt Vitriol 

9nlj^9/ jilumium „ Alnni 

« |.«M« M I'lNbti'r of I'Arift 

ir«H M (tn til < I'pi-rraa 

a ivfprr,, ]llur\ilriiil 

M 1 {i>ou\ 

M liMtm ^ Olaubtr ^Alt■ 


Suif-h. of fine caned White Vtirial 
, A ilrufe <(/' i'otcaA „ eaiipelre 

I M Ai'irr M loiiaTiAuMle 

' FrwMin/c oy / «f mA m Viuobiaii lilu* 

Turtiuit iij t otaok „ Kix lirlltr ^kll 

‘ t>/ i oftf^gr „ Vrinilkria 

Mlvruifr 1 1 >»i.o M 1 kblr MilL 

tiiwojitad .( tiou Aia 

i i'«r 6 . if niMimia .« ^n>r line Sail* 

; I till# „ i balk llarlitr.Ac 

I £«p. a»r. !•/ Ltm4„ hupar of I rad. 


avauiiAyaa air chrmn'al pr* pamlU'na, thr ImaU of whirli la eranaltp quirk* 
jUver 111 rOMboKivn *1 *• tl v qwn knhrr !■ mtHymiAril. rilliri lip 
aniiel. poOn a I'laj, or atMut. uthrr .nanuiint. Bcrmiu' and i» a aublmiaia 
vitliout qulckaiWcr. 

hi'ai iMayiOM la a attnilar pmecaa to diatllUtlon ; oulp a»t«la (aaih aa neiala 
•rqaaipltijrcdf loatrad «l /iqMida, 

AMI — li map br protliaMr to rrmiticl the pnrU that vbcc tkc tennluaiino 
** oiia‘'la uacil. it luplba llmt tbc aubetanir bua lr»« vxiF.rnthati abrn ibr 
trfinlnatioa *' ir 'la •di.cd-<-llMU aolplioroua acid couOiiia leat cispstr tkao 
aolphurlcacid, Jk& 


• nUtIUrd 
f C Itric acid 


ainriror i« aniHi|Mt« or arHlr and. 

id U a itrtW gyitWlHlS s^aucc. p.rparad fn 


: *>aH of lemona ia iraUp oh 
of n«ali« a«‘id and a 


thcjolro af 
potaaaa, a coBipoOBd of tve o«vt«a 
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KruiiiH. yty Uu. Mann. Thick iSnio, clothi 3 a. Cd, 

Middleton's Celestial Atlas. 4to, plain, 

hall-bound, IlV Gd. ; coloured, Itw. ; coloured, cloth, Oft. Gd. 

Middleton's Companion to Atlas. dwth, 

3ft. Oil. 


ATLASES. 

Jarrolds* Companion Atlas. Sixt^'pii bnanUfiillT* 

coloured .Mups. .\ eouqtaiiion to ( onli!km'(« und all ulhci' Meet.: 
Kh;nientury Cieoirruiibies, Tjitc Id. 

Jarrolds* Readable Atlas of the World- Six- 
teen iHrautiiully-eoloiiiiMl Map** Tnce (Id. 

Jarrolds’ Larger Readable Atlas. Twenty-four 
lN'4UUiui!>-<-oli>nn'4l .MHp^ Ntiineft ot I’I.uck and Outlines ot 
Countries nio^t diAliuttiy printed. 4lo, rlotli hack, 1 h. 

Jarrolds* District Atlas of England and 

Wales. Fi::h1 be.)Uhiu!l>>tolMUied Map** ot iiroupud CfrUntieS 
—Northem, Norlh'MiUlaiul, &r. I*iif:e4d. 

Jarrolds' Starfdard Atlas of the World. 24 

kieuu1ilullY-ci>li-ured Ma|>fl, iniiudiu^ lliu Uihlricl .ttlus uf 
Liiiilatid uiid Walea. Tiuo In. 

JarrJlds* Atlas Geography of England and 

' Walee. lUin:^: the IhAtrict AtUui (H Miips, w»lb toncfpoiidiKij 
ft Leiftona facin;^ the Maps*). Prtdiifd. $ dnkbf Is. 

Jarrolds’ Atlas. Geogfi^y of the World. 

ConnUtinir of larauttfufli'-edloured Mapis, with corres- 

inntfling tucini; the Mafni. J^ricc Is. ; cloth, Is, 6d. 

Jarrolds' Complete Atlas Geography. By J. 

)}. CtiwiiAM. CunsiHtin? of Tu-enty-f<iiir hcauiitully-cxecaWd 
Maps, with ?oirua|M r(diii^ lA»«ojuj| Clo.h budiU-*, 2ft. Od. 



JABSOLD ft SONS’ EDUCATIONAL DmiUnOBS. 

ANIMAL KINGDOM. 

Jarrolds’ lUiAstrations of the Animal Kincr- 

dom. Griiutml ari'imlini; to CIsm or Onlor, ud b«iiutifuI|o • 
Coloured. Coiu[iiioinf; *J23 lllustrutions. 

SiiRkT I. Ordrr Bimana — Thf R^trts of lUnukind, 

,, II Orilrr Quadrumaiia— UfiHimaf§. Apmi. 

„ III. OnliT Chi' rojitera - Ihiijt. 

CJiili*! In»crDvotA -/'..*/< J/oMOMw/jf. iledK' hop, 

,• IV. Onli’V CftrtiiV'irft Motntnols 

suli-'tiii - 1 D:i>Ati:;rAda (i) — Lions rny i.s. Cats, &£c. 

,f V. OrtliT CainiviOra ' - .V-nmunfg * 

Slit] OitItT Dt{;itii'':-wla '2| TotiK, Jtc. 

Suh-or<l( r SMiii't’AntigTada - B ulyor-, AVi'iiir In, Otter*, &o. 

•• VI, OrtU r Can iVwtft i Mitinniult. 

Siih-oitU t Plunttgiada IVmik R irooiiH. tV^C. 

.stili-'M'lii Piiii.iiM (Ita - V\ .ill »■« St .ils, ivc, • 

,, VII. Or<U'i I'iili'iitatA - AlitmmHlt,, Hlnth*, 

\!ll i-.’lfft t, iVt 

Onl< 1 JloilriiMa- th oirioff Maiumnh. Iwlln, Iliirea, iVe. 

,. Mil. OwI'T Ruiispianti* I’ -hm-intd Mumninh. Oxen, Anti-- 
I'ljw'*., (• n. >1" , j», Ac. 

•, Ordi r Kunio,;uttia ‘ 'J o (*•(/, td Sf tmmula. Camcti,l.lAmtt», 

(iui.ir s o.i-i. .v 

•« X. OrtU'i Pat Iiy li iiita a T'>i*k~^L<>nird }inininfifn, KN'phuntf, 
Kliin i( it.intu«, Ai*. ; llnr^r, /thra, Ac. 

,, \I, Ordoi CVtari'ii tu d 1/ >tiniitt{g h.ilrs Ac 

Xil. Oiili'i- Maieni lalia -/■%/tt<^A-A'rt/ lojf JA/wwoi/s. Kuni^rarcMW, 

&i' 

Order Monotrt'iiata- Vmmmaf* having a »ingU vmU Moi« 
linKuiiK or Put'k-li^II, Ac. 

Piice, ^lounTisl ou ( ant as Uolkrs, and Vurnifhed, 3/6 each, 
riu! HANDPOOK to U'-comiMny llu* aliovc Srric.s, ]»ri'i»arixl by 
\V. J. bTM'.LAM), 1.CCOUIT cin Nuturul lli-torv at the H«»iue 
and Colonial Tjainiri'.; C'ollcut*, l.oiidoii, will bn found vciv 
to Teat luTs and Lcc’u.cr'.. I Jivth, , 5 . 4 , '* 

Children's Picture Roll. Natural Histoiy, 3s. 
Caterpillars, Buttei'flies, and Moths ; ilwdr 

planners, Italnts, nml I raiu-rinniaP ns ilj vuv .‘C- Ei.i..Ann ii 
Kittiiv. Coloured triuiti'^piecc., ikuatr.tlit ua, IJiiu), cloth, *i». ‘ 

The Observingr Eye: l^ctiCTs to children on tiiJ 
Ihrre Lower l»n:.<5ioiw of Aufuial I.ifo;- Kjidi.itctl. Articulatwl, 
and Moliu^ctius. <\doui«d I’rontlsRicrc, and nutiieruu.4 Wood- 
ruls. fcap. rlolh, L’s. Gd. * 

What is a Bird ? The Forawi of ninlt, their Tnfstincts, 
cud Tse in I’loa^ion cor iidcjod. Ry ihr \utiior of “llie 
Ulis«!i‘\i«’vr M\e." Woodiu'v ihuL L^mo. tiidh, 2#. Gd. 



imoLb * soirs' sducaxiobal tubugahoiis. 


' GEOGRAPHY. , 

Jarrolds’ Sketch Map Copy Book and Gtoo* 

• graphy. Adapttid to the New Code* 3(1. rach. 

Book 1. For Standard I IL Enidand and Wuloa. * 

,, II. «, ly. Bi^otliind, In innd, and Col<H^. 

„ 111. ,, V. Kuroi>e-<-'rii\Mi‘:il and iNdilicat 

IV. M VI. Ama. Alrico^ ttiiil Ainomu, 

Also in Sheets, with for Oiipyin^. In TarkeU of 12, la. 

Cowhai^ 's Geography. ( rf .Nf ririt. ) 

Corrected to Berlin Coug^rcsB, lh78. 

Book 1. Standard II. Deflnii. r*>uit«< of Compass. Form and 
Motions of tlie Earth. LaittrH Suiia-o, un<i iiioKt striking 
rhvsical Farts pop'.ilarly explained, i'l .io ; cloth. :id. 
Book 11. standard ill. 'Fu;::aiMl and WatcK. *id. ; uioih, 3d. 
Book ill. Btandaid iV. Scotluad. ijd.tnd, ludui. and Colouiet. 
I'rice 3d. ; cloth, 4d. 

Book IV. standard V. Eurotie— Fh^sicnl & Political. Cloth, dd. 
Book V. Standard VI. Asia, AlVicii. & Amcri. a. Goth, Gd. 

Jarrolds’ Geographical Tost Cards. By J. II. 

CuwiiAM, ^VeatmMlSKT i’laiiiHKt CoiK;.p;. Ati iplcd to Stuudards 
11. to VI. In Fi\« PatkctH, pnce Hd. prr ParktuL 

The Complete Standard Geography. By J. II. 

tuwuASi. Price Gd.; chMli, S-l 

« ylhutn J'artM : — 

Parti. General (ieogr«phy. Pi ice 3d. ; doth, 6d. 

Part II. 'Iho Hrito*h l.'h». Pnce 2d. 

The aliove arc arranged iii l.c>i»oiu, with nunicrons Exei'clses tat 
iJoine and i'apcr Work. 

•Allison's First Lessons in Geography. Fot 

the use of the Nursery and Junior CUs^-ua. Ittmo, suff omSTi 
9d. ; c\pth, Is. 

First Book of Geography Made Easy. Bj 
Wii^jtiAM Aldih. 18iao,fitill' covers, Is.; cloth, lB.4d.; cloto,' 
I with maps, Is. Gd. 

dThe Illustrated Manual of CreoOTaphy-Phy- 

and Pohtical. By Kdwauu Faiih, prS.A. 100 lUas' 
tratioDs, 12m<i, cloth, 2h. 

Mklfy Lands : n Glance at the World and the Pc«oplo 
lA a. Several lUtihUaliona. Cloth, It. ; clotli boards. Is. Gd. 

Our World : itt cities, Mountaioa, Ecus, Aa 12uio, 
cluth, 2a. 
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JAREOLD ft sons* EDtJCiTIONAL FUBIcICATlONA 

ARITHMETIC. 

Taylor's Ariihmetio. (Empire Series. HrrisM 
to meet the reqiiiremonti of the Man<l«‘1lA Code, by D. 
MiLRWOon. In Sin Books, 2d. each. Krys, M. eiu*.h. 
The Comprehensive Arithmetical Test 
Cards. Arranpfed by Timpant and Bawxins. on an 
ImproTed Solf-Tr*8thifc Method. Each sot is printed on 
a diiTorantly colountd cant In Si* F^.kc*ts,fni4 Cards 
in ouch. Price (with Kmr and Tost), 6d. each. * 

Taylor’s Problematic Test Cards, (Aritli- 

iiictiral). P’ivo Packets (Standards 11. to VI.), 20 Cards 
in each, with Answer Card in Duplicate, 8d. each. In 
Thunib Cases, la each. 

The Empire Arithmetical Test Cards. 

By I). Mauw(X)x>. The Scries eoonsts of Seven 8<‘ts: 
3(i ('^iinls ill each cas<i, and 1 Key, doiiblo rar<], folded, 
cloth ba<'k. Vaich Standard is printed on a differently 
coloured Card. Price (with Krt)| Is. in Case. 

Jarrolds’ Examination Papers in Arith- 
metic. By C. (J.iTlWBT. The S»?ries ogosists of Four 
Puc'kfds; each Packet coutiuns 100 Sheets (4 each A to 
Y), with a Kky. Priw 2s. (>d. iier Packet. The biw-k 
of each Slieet is ruled fur Dictation Exercisrs. 

Mathison’s Quarterly Progrressive Test 
Cards in Arithmetic. Standards II. to VI. Four 
Pockets in each Stuudoni Price (with Kky), 7dL each. 

Taylor’s Eclectic Arithmetic. For Eiementarv 
Schools, Paris I, to IV., Id, each ; Part V , 2d. Ki-rvs 
to Parts I. to TV., 2d e.irh ; to P.*irt V., 4d. 

Tho Five Parts in One, cointdcto, la Coniplcru Key, la Gd. 

Heed’s Arithmetic for Schools. Part I. 

(^Standartli 1 to 3), 2d, ; Part U. (Stjnulariln 4 to j), IkL 
Complete, with eloth bock. tkl. TIk‘ Ki-.y, 3d. 

Jarrolds’ Pra'ctical Table Cards. By Fonn. < 

In Three Packets; 12 Cards in ojich Packet. Gd. each. 

The Handy-Book of Mental Axithmeti^c. 

By J, W 01 . 1 .XAX. 12ino, cloth. Is. 

Jarrolds* Arithinotical Tables. id. 



JABSOPVA SONS’ mOATIONAI PUBUGAIICINS. 

READING BOOKS, LESSON SHEETS. 

ETO. , 

Claims for' Kindneea to Qpd’s Creatures. For 

Doxd and UirN. ilut'cdotM sf Aiainslti cto. liy Mum. W. li. 
WfoLfcT. Chrtb, Is. 6d. 

The Merryweatheni. A Twiiperniice Story for Bo^h 

mill (iirlK. By Mtts. W. WiOiLEY, Author of Our ilniin' 
Woik/' &c. doth, Ilk 

A*Roadingr Book of En&rlish Grammar and 
Analysis. Tiy Mus. W. il. >Vioi.i.v. C'loih, Ik tkl. 

Black Beauty* The Autobiography of n Horse. By 
Assk hF.wi.x.u Cloth. Is. €d. 

Adults' First Book. 2cL 

Interestincr Beading Lessons for Night 

Schools. Parts L and each. Coiii]dt>tt\ cloth, 4(i. 

Heading Lessons in Poetry, oiutii, ud. 
Children’s Picture EoIL On lioihrs, :is. ; in Sin*- 

{M-nding Potts, 6 b . 

Learning to Read. For Children. 12mo. cloth, r»d, 
“Beaming to Read" Lesson Sheets. In Two 

Puits. In KliiKita for niuuntiio!, Ik. 4&. each part; on ihiUcra, 
in. hd. each [ort ; Snaponding Polio, lU. each part. 

Xn Larger Type. In shMs for unfin'r, 2«. «d. each psrtf oi. 
KolicrM, 3a. each part ; Smpendiiig Folio, Ch. ciu-h part. 

Jarrolds’ Coloured Alphabet and Object Pic- 

' tures. 125 X 20 in. Ten in ^l’rnMl. On gilt laouldiiiu. 
(id. ; mnunlLHl on 10 boanln, vurui^hcd, 128.; sn 10 rbllcrn, 
eanras, mounted and rarniabed, 16$. 

Bible Pictures and Bible Words. Twt*iity-four 

tiiinpli! Narraiixcf* Ibr the Family and Kihool, in the very Word-, 
of Siri^’turp. 12^ x 20 in. The i’icturen are dcaigned % John 
Frank M\. 

In wrapper, en gilt moaldiog, 2a. Od. 

Bcautiliilly coloured, 6». 

Mounted m 24 Iniards, coToured and vaminhed, 24a. 

The “ EImpire ” Folding Card Alphabet. Ko. i . 

lioman. No. 2. Script, rrintr 1 in t«o ^oum, BniQiited on 
bouidii, wiili cloth hinge, la. tid. eaifh. 



ft SOUS' mOA'nOffAL FtIBMIiftTIOirS. 

HISTORY. 

Randj'Book of Enerlish History. By LKtioii 

auil Oladmam. Fcap. 8vo, cloth, 2 s. 

AU^ in the foUowinf Dmeiom, and adapted t» the 
requiremmte of the Hevia^'d Code, 

Honk I. Ts the Nonuan OonqucsL Cd. 

Book II. From (ht* Noniian Cunqucst to the Acccmion of II • urv 
Vll. Is. 

Book III. From Henry FlI. to the Present Time. Is. Gd.^ 

Ateo in the fottowing Parte^ price Ad, each, 

1. From ii.c. to a.d. lOtiG. 4. From a.d. 148.5 to a.h. 1003. 

2. From a.i>. 1086 to a d. 1327* From a.p. 1603 to a.u. 17 14. 
.3. From A.tt. 1327 to a.d. 1486. f. From a.d. 1714 to a.d. 1876. 

Compendium of Uniirersal History. 18 mo. 

iluthi ds. (k1. 

AUo in the fotlmoing JHvuiona* fitiffcover»t ^d, ; eloth, Is. 

Aneient History. Mfidem HUdory. 

The llidfhe Ages. Historical Uuestiods. 

Dr, Brewer's Allison's Guide to Bn^rlish His- 
tory and Biography. Fr«m] the Invasion ui iulias Cltcwir to 
the year A.i>. 1^70. iSmu, cloth, 3s. 

Dr. Brewer’s Guide to Roman History, From 

tliQ Karlicm rciiod to the close of the Weatoni £iui>iro. 18ino, 
cloth, 3s. 6(1. 

Dr. Brewer's Guide to G^cian History, 

Mythology, and Literature. 18ibo, vluUi, 38. Cd. 

Dr. Brower’s History of France : Social, 

u'ul, and literary ; hiought doau to the year lb79. Crown h\ o,. 
tlotb. dS,.; 

Dr. Brewer’s Smaller History of France. lu 

tluei>iif)n and Answer. Brought down to the prci^ nt tunc. . 
cloth, 2s. Cd. 

A Beadinff Book of Engrlish History and ^ 
Biography. By the Ufv. W. With Kxaniinau-ju 

Uuc!)ti<)n.s. cloth. 2s. 6d. W'iibout tiluc*itions, doth. la. 6(1 

The Child’s Pathway throu^rh the History 

of England, In Quostinn and Answsc. With Heads of the 
borereigns. 18mo. »ewc(i, Gd. 

A Chain of Historr. By STLrHu.\ Lahotov 
ISuiu, eluth, Is. Cd. 



JAMQtDS’ EMPIKE KKADEES. 

AN ENTIfiELY NEW SERIES, 

tftFTXFO HOfT OF THS SUOOBrTtONB OP EX. IE8pfciT0l:S, AS 
FKKS£E7£i) IS TBHA EtOBLT REPOATS. 

By B. B. TAfT. Author of •*Hom Lesson Books . " do. 

THElt»PwIMFR. 

Part I,, *5- ppM IlluFtmtionB, 2«1» ; clrtl^ ”•1. 
Part II., ^*2 pnfpefi, 17 IlluftimUoss, 2d. \ M«i. 

Complete, riotb, ?wy i^trongly bound, 64 p«^< m, 
41 llhi‘.irpHon«, price 4d. 

BOOK I., Edition A., Iatj^c type. clotK, 12H p»pi 

*i:t lllQi.tn)ticnH, price Sd, 

BOOK I., Edition B., emnllcr type, clotli, or, . 

price <k1. 

BOOK II., clolb. 128 pagc*^. 27 Illaetrpticnff, price 8i!. 

BOOK III., cloth, 160 pagtn, 18 Jllnetratiouii, prii«« 
^ luL 

BOOK IV., cloth. 1P2 popre. 2.'* llhiJ'^^nitfon*. priw I-* 
Bnr;K V., ck;lh, 224 pa){C»*, 2l» llluRtmtionfl, priir 
le. 3d. 

BOOK VI, Sixth nrwl Se venth Stj*Ti(lnrd«). cloih. 

piit'C 1m. <4l. 


The PriMT'.R nrc sl»^ iWncrl in larp'r Phctf'fn 

i^\W 24 X 1!> in,) CTitithxd, 2BX EMPIKB KBAPIb'd 
Sheets. Firpt and second Scnciee (wm+pondinir 
ii»< Unit jind KccoTid y ortj' of the Primer), in ornameTitfu 
wra]»prr, nnd f-m«np)y momited on irilt moulding, price 
3-. <*d. each series ; vn 18 thick millhoarda. each 
amcft: aiul on D mitiU)oards (hack and front), 14 m emh 

Mjriet*. 


.•ARnOLO A SON*,. 10 A II, VI^^ICK .-ANE:, LONDON. E.C 



JmOLD A SONS’ EDUCATIONAL PUBUCAHONS. 

SPELLING. 

The Proffreasive Spellixur Manuals. Armn^ 

moer the reuuiremecite of the New Ctule (iK;8) in Ih^ailing 
ami Writing. Ity Tuomas Mathihon, Autbtir of '‘Quarturiy 
Progreseivo Tost Cuds in Arithmetic.” Friio 2tl. each. 

Blundard I. ComiBott Words suitahly arranged. 

.. 11. Selected Words with Meaning'^. 

III. Word Building. Saxon and laitin Affixoe. DcriTf 

tires with Meanings. ^ ^ 

IV. Saxon and Lutiu Frelixes. lAttiu Hoots. Derivaiivis. 

uiih Meanings* 

V. in Roots, coniinned. Derivalives with Meaning)*. 
•• Vi. Greek Fr< fixes and Roots. Derivatives w ith Meanings. 

I’urc Latin and Greek Nouns. Ijiiin and Frencb 
Wurd.Hand Fhrasea. Words derived from various 
TAiiguages. “ 

Martin’s Intellectual Spelling Book. Coutain- 
iiig iliQ correet d^NjUiug and FrouonciaGuu of iO,iKX) Words. 
I'Jriio, cloth, is. 

Martin’s Intellectual Expositor. The McanLigs 
of 5.0UO Wtifd.'t, wit It Tables ol Fieiixcs. Affixes, Fiimitivs 
Roots, Ac. 12mn, clutii, Is. 

Spelling Lessons in Script. Price id. 

RECITATION. 

Taylor's Recitations. For Pupil Teochon and 
^l■tollars in i*ublic hleuieatazy SchooU. in the following Six 
rails, 2d. earh; cloth, 'Ul. 

Pui 1 1. Selections from Scott's ** Lay of the TarI MinsM,” and 
*' Liuly of the Luke.” With Biography and 
Fait II. Selections from Scott's together with 

Lord Macouisy's ** Spanish ATmads,” and Ooif>tr‘t 
” Mother’s Ficture.” With Biographies and Notes, is 
Pari 111. Selections from Wordsworth's ” Excursion,” Goldsmith's 
Deserted Village,” and CnhbeTa Poetical Worka. 
W ilh Biographies and Notm. * 

Part IT. Selections from SbaksspearD'a ” King John ** and ** If^r* 
chant of Venice.” w ith Biogranhy and Notes. 

Fart V. Selections f)rom Shakespeare. JliUem and Tennyson. 
With Biographies and Notes. 

Part VI. Selections from the 19(orks of Hhme, Sonther, flallain, 
and Lord MucaaLt*- M itk I'^ogruph^s s'hI Noses. 










